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1
BENZIMIDAZOLE DERIVATIVES AND
THEIR PHARMACEUTICAL COMPOSITIONS
AND USES

RELATED APPLICATIONS

This application is the National Stage of International
Patent Application No. PCT/CN2011/000181, filed on Jan.
31, 2011, which claims priority to and all the advantages of
Chinese Patent Application No. CN 201010104455 .X, filed
on Feb. 2, 2010.

TECHNICAL FIELD

The present invention belongs to the technical field of
pharmaceutical compounds, and specifically relates to benz-
imidazole derivatives, stereoisomers, solvates or pharmaceu-
tically acceptable salts thereof. The present invention also
relates to pharmaceutical compositions comprising these
compounds, methods for preparing these compounds, and
uses of these compounds in the manufacture of medicaments
for prophylaxis and/or treatment of peptic ulcer, ulcer bleed-
ing and diseases associated with gastric acid.

BACKGROUND

Diseases of digestive system are frequently encountering
diseases, in which the incidence rate of peptic ulcer is 10-12%
relative to the total population. Gastric acid is the main reason
for the peptic ulcer. The preliminary treatment methods
mainly comprise of antacids (such as sodium bicarbonate,
aluminum hydroxide, etc.) to neutralize gastric acid to alle-
viate symptoms. Since the 1970s, the discovery of gastric acid
secretion inhibitors such as H, receptor blocking agents, pro-
ton pump inhibitors, etc. brings a new era of peptic ulcer
treatment. These drugs induce irreversible inhibition of H*,
K*-ATP enzymes of secretory microtubules constituting pari-
etal cell top membrane and tubular bubbles in cytoplasm,
thereby effectively inhibiting gastric secretion, and thus they
have merits of quick onset and high ulcer healing rate that can
significantly reduce surgery rate.

U.S. Pat. No. 4,255,431 discloses a compound of Formula
A, i.e., Omeprazole.

(A)
~o

x o

I

= S N
N \(
HN
O/

Omeprazole is the first marketed proton pump inhibitor,
and gradually prevailed in competition with H, receptor
antagonist in antiulcer drug market, becomes the first best-
selling drug in 1996 due to its unique therapeutic effect, and
at the top of list for several consecutive years. Following
Omeprazole, many new proton pump inhibitors are continu-
ously marketed, including Lansoprazole, Pantoprazole,
Rabeprazole and Esomeprazole.

Patent EP0268956 discloses a compound of Formula B,
i.e., Rabeprazole.
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Rabeprazole was marketed in Japan in 1997, and China in
2001, which has an activity against gastric acid secretion in
vitro 2-10 times that of Omeprazole, and more quick and
significant therapeutically effects. Rabeprazole can be
quickly activated, and achieve the maximum acid inhibition
effect within 5 min, but its duration of action is shorter than

that of Omeprazole.
GB2174988 discloses the following compound 81:

peoe

However, proton pump inhibitors have a relatively long
time to achieve the strongest effect, the maximum acid inhi-
bition effect can only be achieved after 3-5 days at therapeu-
tically dose, and these drugs may have significant interaction
with other drugs, and great individual difference in pharma-
cokinetics.

Hence, it is still in need to develop new proton pump
inhibitors that have quick onset of action, good acid inhibition
effect, less interaction with other drugs and small individual
difference.

~o

x

P
N

DESCRIPTION OF THE INVENTION

The inventors find a group of proton pump inhibitors via a
devil of experiments, and they have good inhibition effect to
gastric acid secretion.

In one aspect, the present invention provides a compound
of Formula (I), or a stereoisomer, solvate or pharmaceutically
acceptable salt thereof:

@

in which, R', R?, R® and R* are independently hydrogen
atom, C,_; alkyl, C, ; alkoxyl, C, s alkoxyl-C, 4 alkyl, C,
alkoxyl-C,  alkoxyl, haloC, ¢ alkyl, haloC, , alkoxyl, C, ¢
alkylamino, di(C, s alkyl)amino, C, , alkylcarbonyl, C,
alkylcarbonyloxy, C, salkyloxycarbonyl, phenyl, phenyl-
C,_¢ alkyl, phenyl-C,  alkoxyl or phenoxy;
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R? represents formula
R6
N O !
N
H
R7
B B
H
/N N Q
< <\
g R’ or N R7,
RS RS

RS and R7 are independently hydrogen atom, halogen
atom, C, ; alkyl, C, _; alkoxyl, C, ; alkoxyl-C, 4 alkyl, C, ¢
alkoxyl-C, 4 alkoxyl, haloC, ¢ alkyl, haloC, , alkoxyl, C, ¢
alkylamino, di(C, 4 alkyl)amino, hydroxyl, hydroxyl-C, ¢
alkyl, carboxyl, carboxyl-C, ¢ alkyl, amino, amino-C,
alkyl, C, ¢ alkylcarbonyl, C, 4 alkylcarbonyloxy, C, 4 alky-
loxycarbonyl, aminosulfonyl, carbamoyl or C, ; alkylcar-
bamoyl,

Ring A and ring B are independently 5- to 7-membered
monocycle having 1-3 oxygen atoms, sulfur atoms and/or
nitrogen atoms, and the monocycle can be optionally substi-
tuted with 1-4 R®,

R® is hydrogen atom, halogen atom, C,  alkyl, C,_,
alkoxyl, C, ¢ alkoxyl-C, ¢ alkyl, C, 4 alkoxyl-C, 4 alkoxyl,
haloC, ¢ alkyl, haloC, ¢ alkoxyl, C, 4 alkylamino, di(C,
alkyl)amino, hydroxyl, hydroxyl-C, . alkyl, carboxyl, car-
boxyl-C, ¢ alkyl, amino, amino-C, _, alkyl, C,_; alkyl-carbo-
nyl, C, ¢ alkyl-carbonyloxy, C,_¢ alkyl-oxycarbonyl, amino-
sulfonyl, carbamoyl, C,, alkyl-carbamoyl or C, ¢
alkylformylamino, and

nis1or2,

with the proviso that ring A is not

I

with the proviso that when ring A is

Ioj
(6]
R® is not a halogen atom.

In one embodiment of this aspect, the compound of the
present invention is a compound of Formula (I), or a stereoi-
somer, solvate or pharmaceutically acceptable salt thereof:

10

20

25

30

35

40

45

50

55

60

65

@

in which, R, R? and R? are independently hydrogen atom,
C,_,alkyl, C,_, alkoxyl,C,_,alkoxyl-C,_,alkyl, C,_, alkoxyl-
C,_, alkoxyl, haloC, , alkyl or haloC, _, alkoxyl;

R*is hydrogen atom;

R’ represents formula

RE

N
<L
H

Y
B B
</N <§
\
g R’ or N
RS

RS

Rr7:

R®and R” are independently hydrogen atom, fluorine atom,
chlorine atom, C, , alkyl, C, , alkoxyl, C, ,alkoxyl-C, ,
alkoxyl, fluoro-C,_, alkyl, fluoro-C, , alkoxyl, C,_, alky-
lamino, di(C, _, alkyl)amino, hydroxyl, carboxyl, amino, ami-
nosulfonyl, carbamoyl or C, , alkyl-carbamoyl,

Ring A and ring B are independently 5- to 7-membered
monocycle having 1-2 oxygen atoms, sulfur atoms and/or
nitrogen atoms, and the monocycle can be optionally substi-
tuted with 1-2 R®,

R?® is hydrogen atom, fluorine atom, chlorine atom, C,_,
alkyl, C, _, alkoxyl, C,_,alkoxyl-C, , alkyl, C, ,alkoxyl-C, ,
alkoxyl, fluoro-C,_, alkyl or fluoro-C, , alkoxyl, and

nis 1,

with the proviso that ring A is not

I

with the proviso that when ring A is

Ioj
O
R®is not a halogen atom.
In another embodiment of this aspect, the compound of the
present invention is a compound of Formula (I), or a stereoi-

somer, solvate or pharmaceutically acceptable salt thereof, in
which
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5
R',R?and R? are independently hydrogen atom, C, _, alkyl,
C,, alkoxyl, C, ,alkoxyl-C,, alkyl, C, jalkoxyl-C, ,
alkoxyl, haloC, , alkyl or haloC, _, alkoxyl;
R* is hydrogen atom;
R’ represents formula

RS

N
_</N ;
H

R’

R® and R” are independently hydrogen atom;

Ring A is a 5-membered ring having one oxygen atom, and

nis 1.

In another one embodiment of this aspect, the compound of
the present invention is a compound of Formula (I), or a
stereoisomer, solvate or pharmaceutically acceptable salt
thereof, in which,

R'is C,_, alkyl or haloC, _, alkyl;

R? is C,_, alkoxyl, C,_salkoxyl-C,_, alkyl, C,_,alkoxyl-
C,_, alkoxyl or haloC, _, alkoxyl;

R? and R* are independently hydrogen atom;

R’ represents formula

RS

N
<D
N
H
R7

R® and R” are independently hydrogen atom;

Ring A is a 5-membered ring having one oxygen atom, and

nis 1.

In another one embodiment of the aspect, the compound of
the present invention is a compound of Formula (I), or a
stereoisomer, solvate or pharmaceutically acceptable salt
thereof:

@

in which, R, R? and R? are independently hydrogen atom,
methyl, ethyl, methoxyl, ethoxyl, methoxylmethoxyl,
2-methoxylethoxyl, 3-methoxylpropoxy, ethoxylmethoxyl,
2-ethoxylethoxyl, 3-ethoxylpropoxy, propoxymethoxyl,
methoxylmethyl, 2-methoxylethyl, 3-methoxylpropyl,
ethoxylmethyl, 2-ethoxylethyl, 3-ethoxylpropyl, propoxym-
ethyl, fluoromethyl, difluoromethyl, trifluoromethyl, fluo-
romethoxyl, difluoromethoxyl, trifluoromethoxyl, 2,2-dif-
Iuoroethoxyl or 2,2,2-trifluoroethoxyl;

R* is hydrogen atom;
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In another embodiment of this aspect, the compound of the
present invention is a compound of Formula (I), or a stereoi-
somer, solvate or pharmaceutically acceptable salt thereof:

@

in which, R', R? and R? are independently hydrogen atom,
methyl, ethyl, methoxyl, ethoxyl, methoxylmethoxyl,
2-methoxylethoxyl, 3-methoxylpropoxy, ethoxylmethoxyl,

40
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65

10

2-ethoxylethoxyl, 3-ethoxylpropoxy, propoxymethoxyl, dif-
luoromethyl, trifluvoromethyl, difluoromethoxyl, trifluo-
romethoxyl, 2,2-difluoroethoxyl or 2,2,2-trifluoroethoxyl;

R*is hydrogen atom;

R represents

H
N N\
—</ P
N
H
H
N N

_</
_</N

=z

4 EZJ\Z EZJ\Z =z

z Tz
o]

X 0
N
<10
H
N /N\NH, . HN /\\N,
4 /
_<§ _<§
T
N NH, N NH,
4 4
_<§ _<§
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-continued

NH,

and

nis 1.

In another embodiment of this aspect, the compound of the 5
present invention is a compound of Formula (I), or a stereoi-
somer, solvate or pharmaceutically acceptable salt thereof:

m—/
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12
NH Y
5
' 1 in which, R! is hydrogen atom, methyl or methoxyl;
R? is methoxyl, 3-methoxylpropoxy or 2,2,2-triffuoroet-
hoxyl;
R? is hydrogen atom, methyl or methoxyl;
13 R*is hydrogen atom;
0, R’ represents
H
20 N N,
—</ o
v /
H
H
, 5 /N N
NH N
/

NH,

NH,

45

_<

60

and

nis 1.

w
<
z, EZJ\Z ==

.

Dopve

i _<§
<

i X w ) .
\N/ HN /

-

/N /N
gj%o or _<§ O;
O\)

In another embodiment of this aspect, the compound of the
present invention is a compound of Formula (I), or a stereoi-
somer, solvate or pharmaceutically acceptable salt thereof:

(6]
O

<100

H O
/N\ HN/\\
N NH, N N,
74 </
N N
H H



in which, R* is methyl or methoxyl;
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@

w

10

R? is methoxyl, 3-methoxylpropoxy or 2,2,2-trifluoroet-
hoxyl;

R? is hydrogen atom or methyl;

R* is hydrogen atom;
R’ represents

=z

Z, [mz,

N o]
H
N O
N o)
_—N
\

NH;
N
¢
N
H
and
nis 1.
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In another embodiment of this aspect, the compound of the
present invention has a structure of the following formula: 45

RZ
R3 R!
\ o
= ~S—R
R* N W

in which,
R',R?and R? are independently hydrogen atom, C, _, alkyl,

C,. alkoxyl,

R* is hydrogen atom;

a1

50

I-2) ss

C, _salkoxyl-C, , alkyl, C, ,alkoxyl-C, , 65
alkoxyl, haloC, , alkyl or haloC, _, alkoxyl;

14
R’ represents formula

RG

N
<D

N
H

R7

R® and R” are independently hydrogen atom;
Ring A is a 5-membered ring having one oxygen atom, and
nis 1.

In another embodiment of this aspect, the compound of the
present invention has a structure of the following formula:

a1

RZ
R3 R!
\ o
= WS—RS
R* N W

a-2)

in which,
R'is C,_, alkyl or haloC, _, alkyl;

R? is C,_, alkoxyl, C,_, alkoxyl-C,_, alkyl, C,_alkoxyl-
C,_, alkoxyl or haloC, , alkoxyl;

R? and R* are independently hydrogen atom;

R’ represents formula

RE

N
<D
N
H
R7

R® and R” are independently hydrogen atom;
Ring A is a 5-membered ring having one oxygen atom, and
nis 1.

In another embodiment of this aspect, the compound of the
present invention is:
(S)-2-[[[4-(3-methoxylpropoxy)-3-methyl-2-pyridyl |me-

thyl]sulfinyl]-6,7-dihydro-3H-benzoturo| 5,6-d]imida-

zole, or

(R)-2-[[[4-(3-methoxylpropoxy)-3-methyl-2-pyridyl|me-
thyl]sulfinyl]-6,7-dihydro-3H-benzoturo| 5,6-d]imida-
zole, or

a pharmaceutically acceptable salt thereof.
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TABLE 1

Part of compounds of the present invention

No. Structural formula Chemical name

1 \O /\/\O 2-[[4-(3-methoxylpropoxy)-3-

methylpyridin-2-ylJmethylsulfinyl]-
6,7-dihydro-3H-

AN o benzofuro[5,6-d]imidazole
| F s N,
N Y
HN.
O
2 ~ 2-[(4-methoxyl-3,5-dimethylpyridin-2-
O yl)methylsulfinyl]-6,7-dihydro-3H-
benzofuro[5,6-d]imidazole
\ o
F S N,
N Y
HN.
¢}
3 P 2-[[3-methyl-4-(2,2,2-
F3C O trifluoroethoxyl)pyridin-
2-ylJmethylsulfinyl]-6,7-dihydro-3H-
o benzofuro[5,6-d]imidazole

S

= N,
N \(
HN\Qj
o)

4 2-[(3,4-dimethoxylpyridin-2-
yDmethylsulfinyl]-6,7-
dihydro-3H-benzofuro[5,6-d]imidazole
O
5 \O/\/\O 2-[[4-(3-methoxylpropoxy)-3-

methylpyridin-2-yl]methylsulfinyl]-3,6-
dihydro-imidazo[4,5-e]indazole

/

A\
=
]
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TABLE 1-continued
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Part of compounds of the present invention

Structural formula

Chemical name

No.
6 /\/\
o 0
®
=
N
7 /\/\
o 0
®
P
N
8
0
AN
Z
N
9
F,C 0
=
N
10

n=—0

e}

S

o

75}

-

n=0

=

HN.

N

KN
QN»

NH

J

NH

J

NH

L

2-[[4-(3-methoxylpropoxy)-3-
methylpyridin-2-ylJmethylsulfinyl]-
6,7-dihydro-1H-
[1,4]dioxino[2,3-f]benzo[d]imidazole

2-[[4-(3-methoxylpropoxy)-3-
methylpyridin-2-ylJmethylsulfinyl]-

>

imidazo[5,4-flbenzo[d]imidazole

2-[(3,5-dimethyl-4-methoxylpyridin-2-
yDmethylsulfinyl]-1H,5H-
imidazo[5,4-flbenzo[d]imidazole

2-[[3-methyl-4-(2,2,2-
trifluoroethoxyl)pyridin-2-
yllmethylsulfinyl]-1H,5H-
imidazo[5,4-flbenzo[d]imidazole

2-[(3,4-dimethoxylpyridin-2-
yDmethylsulfinyl]-1H,5H-
imidazo[5,4-flbenzo[d]imidazole

18
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TABLE 1-continued
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Part of compounds of the present invention

No. Structural formula

Chemical name

1N ™"

n=0

NH
\
=N
29 /\/\
o 0
\ o
| I
Z S
N W

N
\HN(;
o
NN
N
0

o

\

6-[[4-(3-methoxylpropoxy)-3-

methylpyridin-2-ylJmethylsulfinyl]-
1,5-dihydro-imidazo[4,5-f]indazole

(S)-2-[[[4-(3-methoxylpropoxy)-3-
methyl-2-pyridyljmethyl]sulfinyl]-6,7-
dihydro-3H-benzofuro[5,6-d]imidazole

(R)-2-[[[4-(3-methoxylpropoxy)-3-
methyl-2-pyridyljmethyl]sulfinyl]-6,7-
dihydro-3H-benzofuro[5,6-d]imidazole

In the present invention, the term “C,_4 alkyl” represents a
straight, branched or cyclic alkyl having 1-6 carbon atoms,
such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, tert-butyl, n-pentyl, iso-pentyl, 2-methylbutyl,
neo-pentyl, 1-ethylpropyl, n-hexyl, iso-hexyl, 4-methylpen-
tyl, 3-methylpentyl, 2-methylpentyl, 1-methylpentyl, 3,3-
dimethylbutyl, 2,2-dimethylbutyl, 1,1-dimethylbutyl, 1,2-
dimethylbutyl, 1,3-dimethylbutyl,  2,3-dimethylbutyl,
2-ethylbutyl, 1-methyl-2-methylpropyl, cyclopropyl,
cyclobutyl, 1-methylcyclobutyl, cyclopentyl, cyclohexyl, etc.
Correspondingly, in the present invention, the term “C,_,
alkyl” represents a straight, branched or cyclic alkyl having
1-4 carbon atoms, such as is methyl, ethyl, n-propyl, iso-
propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl.

In the present invention, the term “C, ¢ alkoxyl” represents
a monovalent group having formula (C, ¢ alkyl)-O—, in
which alkyl has the above definition. Representative C, ¢
alkoxyl groups include, for example, methoxyl, ethoxyl,
n-propoxy, iso-propoxy, n-butoxy, sec-butoxy, iso-butoxy,
tert-butoxy, n-pentoxy, neo-pentoxy, n-hexoxy, etc. Corre-
spondingly, in the present invention, the term “C, _, alkoxyl”
represents an alkoxyl having 1-4 carbon atoms, such as meth-
oxyl, ethoxyl, n-propoxy, iso-propoxy, n-butoxy, sec-butoxy,
iso-butoxy, tert-butoxy, etc.

In the present invention, the term “halogen atom™ repre-
sents fluorine atom, chlorine atom, bromine atom and/or
iodine atom.
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Inthe present invention, “halo-"in the term “haloC, 4 alkyl
and haloC, , alkoxyl” represents one or more hydrogen
atoms on the carbon atoms of C,  alkyl and C, _; alkoxyl are
substituted with halogen atoms.

In the present invention, the examples of the term “5- to
7-membered monocycle having 1-3 oxygen atoms, sulfur
atoms and/or nitrogen atoms” comprise pyrrole, dihydropyr-
role, pyrrolidine, imidazole, 4,5-dihydroimidazole, imidazo-
lidine, pyrazole, 4,5-dihydropyrazole, pyrazolidine, 1,2,3-
triazole, 1,2,4-triazole, furan, tetrahydrofuran, pyridine,
piperidine, pyridazine, pyrimidine, pyrazine, piperazine, 1,2,
3-triazine, 1,2,4-triazine, 1,3,5-triazine, 2H-pyran, 3,4-dihy-
dro-2H-pyran, 4H-pyran, tetrahydropyran, 1,4-dioxacyclo-
hexadiene, 1,4-dioxacyclohexane, 1,3-dioxacyclohexane,
2H-1,2-oxazine, 4H-1,2-oxazine, 6H-1,2-oxazine, 2H-1,3-
oxazine, 4H-1,3-oxazine, 5,6-dihydro-4H-1,3-oxazine,
6H-1,3-oxazine, 2H-1,4-oxazine, 4H-1,4-oxazine, morpho-
line, oxacycloheptane, oxacycloheptatriene, azacyclohep-
tatriene, 1,4-diazacycloheptatriene, etc.

In the present invention, the examples of the term “5- to
7-membered monocycle having 1-2 oxygen atoms, sulfur
atoms and/or nitrogen atoms” represents the examples of “5-
to 7-membered monocycle having 1-3 oxygen atoms, sulfur
atoms and/or nitrogen atoms” which have 1-2 oxygen atoms,
sulfur atoms and/or nitrogen atoms.
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In the present invention, the term “effective amount” rep-
resents an amount of the compound of the present invention
that can achieve the prophylaxis and/or treatment of disease
when a subject in such need is administered with the com-
pound.

In another aspect, the present invention provides a method
for preparing the compound of Formula (I), comprising but
not being limited to the following method.

The method for preparing the compound of the present
invention comprises: performing a substitution reaction of a
compound of Formula (IT) and a compound of Formula (I1I)
to form a compound of Formula (I'), and converting the For-
mula (I') in the presence of m-chloro-peroxybenzoic acid to
obtain a compound of Formula (1),

an

HS—R®

(1)

@

@

in which, R?, R2, R3, R* R and n have the above defini-
tions.

The reaction equation is as follows:

(1) when R® represents

° ,

R6
_—
N
H
R7
the reaction equation is as follows:

S
/\O)]\S_

RS

LN
K+

° =

Raw material (IV-a)

H,N

R7
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-continued
RZ
R3
RS cl
R4
N
/ ° Raw material (III)
HS—
N
it
R7

Formula (1I-a)

S N R® m-CPBA
\(
HN Q
Y
Formula (I'-a)
RS

N
HN
R7

Formula (I-a)

Reaction Steps:
Step 1: Preparation of a Compound of Formula (I1-a)

Raw material (IV-a) is dissolved in anhydrous ethanol,
potassium ethylxanthogenate is added, stirred, remove sol-
vent, water and concentrated hydrochloric acid are added,
extracts with ethyl acetate, combine organic layers, then
washed with water and saline, dried, concentrated under
vacuum to obtain the compound of Formula (I1-a).

Step 2: Preparation of a Compound of Formula (I'-a)

The compound of Formula (I1-a) and NaOH are dissolved
in acetone and water, stirred, a raw material (II) is added,
stirred at room temperature, filtered, the filter cake is washed
with acetone and water, dried to obtain the compound of
Formula (I'-a).

Step 3: Preparation of a Compound of Formula (I-a)

The compound of Formula (I'-a) is dissolved in dichlo-
romethane, stirred, m-chloro-peroxybenzoic acid (m-CPBA)
is added, stirred during reaction, the reaction mixture is added
to saturated sodium bicarbonate, extracting with dichlo-
romethane, organic layers are combined, then washed with
saline, dried, concentrated under vacuum, purified by column
chromatography to obtain the compound of Formula (I-a).
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(2) When R? represents
O
¢
i R,

RS

the reaction equation is as follows:

S
*PORPU
H3C/\O SK*

H,N R7

R6
Raw material (IV-b)

Raw material (IIT)
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(3) when R” represents
IO
<\
N 4

10 R

the reaction equation is as follows:

15 S
n AL B
H3C/\O SK*
7
5o HN R
RG
Raw material (IV-b)
RZ
25 R3 R!
®
= Cl
§ R* N 4

N 7
Cl R

n

Formula (II-¢)

N
n\( °
h Q

R® R’

Formula (I-b)

Reaction steps: identical to the reaction steps for preparing

the compound of Formula (I-a).

35
40

m-CPBA

—_— 45
50
55

[

the compound of Formula (I-a).

definitions.

Raw material (IIT)

m-CPBA
—_—

Formula (I-c)

0  Reaction steps: identical to the reaction steps for preparing

Ring A, ring B, R', R?, R?, R* R® R” and n have the above

The raw materials (IV-a), (IV-b) and (IV-c) in the above
65 reaction equations can be commercially obtained or synthe-

the art.

sized via simple methods as well-known by those skilled in
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In a further aspect, the present invention provides a com-
pound of Formula (I'), or a stereoisomer, solvate or pharma-
ceutically acceptable salt thereof:

@

in which, R*, R% R?, R*, R® and n have the above defini-
tions.

In a further aspect, the present invention provides a com-
pound of Formula (IT), or a stereoisomer, solvate or pharma-
ceutically acceptable salt thereof:

HS—R® (1),

in which, R> has the above definitions.
wherein,

N O

N

H O
H

N N

)

N N
H

are excluded.

The compound of the present invention can be present in
form of tautomers, which have different hydrogen linking
points due to the migration of one or more double bonds. All
these tautomers and mixtures thereof are in the scope of the
present invention. For example, as for the compound of For-
mula (I), (I') or (II) of the present invention and the interme-
diates used in the process for preparing them, when R® rep-

resents

N.
¢
R6

imidazole ring may convert into its tautomer

H
N
—
N R’

RS

due to the dissociation of electrons on the imidazole ring.
Hence, when one of them is prepared, its tautomer is corre-
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spondingly prepared at the same time. For example, when
Formula (II-b) is prepared, Formula (II-c) is correspondingly
prepared at the same time; when Formula (I'-b) is prepared,
Formula (I'-c) is correspondingly prepared at the same time;
and when Formula (I-b) is prepared, Formula (I-c) is corre-
spondingly prepared at the same time. All the compounds of
the present invention involving the above situations and inter-
mediates for preparing them are equate and in the scope of the
present invention.

All stereoisomers of the compound of the present invention
are comprised in the present invention. The compound of the
present invention has chiral atoms or asymmetric centers, and
thus the correspondingly generated enantiomers are com-
prised in the present invention. The compound of the present
invention has cyclic structures, and thus the correspondingly
generated cis-trans-isomers are also comprised in the present
invention. The conformational isomers caused by ration or
distortion of carbon-carbon single bond are also comprised in
the present invention.

In a further aspect, the present invention provides a method
for preparing the enantiomers of the compound of Formula
(D), the method comprising: the compound of Formula (I') is
added to a chiral resolution agent to obtain the desired com-
pound.

The chiral resolution reagent comprises, for example,
D-(-)-diethyl tartrate, L.-(+)-diethy] tartrate, D-(-)-dimethyl
tartrate, [-(+)-dimethyl tartrate, D-(+)-di-p-toluoyltartaric
acid, L-(-)-di-p-toluoyltartaric acid, D-(+)-bibenzoyltartaric
acid, L-(-)-bibenzoyltartaric acid, (18,2S)-(-)-1,2-diphenyl-
ethylenediamine, (1R,2R)-(+)-1,2-diphenylethylenedi-
amine, D-(-)-diisopropy! tartrate, L-(+)-diisopropy] tartrate,
D-(+)-di-p-toluoyltartaric acid, L-(-)-di-p-toluoyltartaric
acid, D-(+)-bibenzoyltartaric acid, L-(-)-bibenzoyltartaric
acid, D(+)-malic acid, (1S,2R)-(+)-2-amino-1,2-diphenyle-
thanol, (1R,2S)-(-)-2-amino-1,2-diphenylethanol, 2.4-
dichloro-a-phenylethylamine, D-di-p-anisoyltartaric acid,
L-di-p-anisoyltartaric acid, R-(-)-o-chloro-mandelic acid,
S-(+)-o-mandelic acid, R-bisphenol, S-bisphenol, S-man-
delic acid, R-mandelic acid, R-(+)-methylbenzylamine,
S-(-)-phenylethylamine, D-Camphorsulfonic acid, D-cam-
phor sulfonic acid, L.-(-)camphor sulfonic acid, D-camphoric
acid, L-camphoric acid, etc.

The compounds of the present invention, stereoisomers
thereof, pharmaceutically acceptable salts thereof can be in
the form of solvates. When the solvates are hydrates, the
hydration can be performed during the preparation process or
performed gradually by utilizing the hygroscopicity of origi-
nal anhydrous products.

The pharmaceutically acceptable salts of the compounds of
the present invention are not specifically limited, including
inorganic acid addition salts, organic acid addition salts,
amino acid salts and metal salts.

As for the salts of the compound of Formula (I), the pre-
ferred salts are the salts formed by addition with pharmaceu-
tically acceptable alkalis, such as lithium salts, sodium salts,
potassium salts, calcium salts, magnesium salts, and bismuth
salts.

As for the salts of the compound of Formula (I'), the pre-
ferred salts are the salts formed by addition with pharmaceu-
tically acceptable acids, such as hydrochlorides, sulfates,
nitrates, phosphates, hydrobromides, hydroiodides, formates,
acetates, propionates, oxalates, malonates, succinates, male-
ates, fumarates, lactates, malates, citrates, tartrates, mesy-
lates, ethylene sulfonate, benzene sulfonate, toluene-
sulfonates, tetrafluoroborates, arginine salts, aspartates and
glutamates;
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The compound of the present invention can specifically
inhibit H*, K*-ATP enzymes of secretion of microtubules
constituting parietal cell top membrane and of tubular
bubbles in cytoplasm, induce irreversible inhibition of these
enzymes, thereby effectively inhibiting gastric secretion, and
thus can be used for prophylaxis and/or treatment of peptic
ulcer and diseases associated with gastric acid, such as gas-
tritis, gastric ulcer, duodenal ulcer, reflux esophagitis,
zollinger-ellison syndrome, etc.

The compound of the present invention can elevate the pH
value in stomach, facilitate hemostasis induced by platelet
agglutination and plasma coagulation function, avoiding the
quick digestion of sludged blood in gastric acid having
pH<5.0, and thus can be used for prophylaxis and/or treat-
ment of peptic ulcer hemorrhage, acute gastric mucosa injury
caused by non-steroidal anti-inflammatory drugs, and ulcer
hemorrhage under stress state, for prevention of gastric acid
backflow combined aspiration pneumonitis in patients of
general anesthesia or major operation as well as weak and
coma patients.

In a further aspect, the present invention provides a use of
the compound of Formula (I) or stereoisomers, solvates or
pharmaceutically acceptable salts thereof in the prophylaxis
and/or treatment of peptic ulcer, ulcer hemorrhage and dis-
eases associated with gastric acid in a subject.

In a further aspect, the present invention provides a method
for prophylaxis and/or treatment of peptic ulcer, ulcer hem-
orrhage and diseases associated with gastric acid in a subject,
the method comprising: administering the subject with the
compound of Formula (I) or stereoisomers, solvates or phar-
maceutically acceptable salts thereof in a prophylactically
and/or therapeutically effective amount.

In a further aspect, the present invention provides a use of
the compound of Formula (I) or stereoisomers, solvates or
pharmaceutically acceptable salts thereof in the manufacture
of'a medicament, the medicament being used for prophylaxis
and/or treatment of peptic ulcer, ulcer hemorrhage and dis-
eases associated with gastric acid in a subject.

In a further aspect, the present invention provides a phar-
maceutical composition, comprising a compound of the
present invention, or a stereoisomer, solvate or pharmaceuti-
cally acceptable salt thereof, and one or more pharmaceuti-
cally acceptable excipients.

In one embodiment of this aspect, the pharmaceutical com-
position of the present invention comprises in addition to a
compound of the present invention, or a stereoisomer, solvate
or pharmaceutically acceptable salt thereof, further other
active ingredients useful in prophylaxis and/or treatment of
peptic ulcer, ulcer hemorrhage and diseases associated with
gastric acid. The other active components used in the phar-
maceutical composition of the present invention can be:

1. Antibacterial agents, such as f-lactam antibiotics, such
as Amoxicillin, Ampicillin, Cefalotin, Cefaclor or Cefixime;
macrolides, such as Erythromycin or Clarithromycin; tetra-
cyclines, such as Tetracycline or Doxycycline; 4) aminogly-
cosides, such as Gentamycin, Kanamycin or Amikacin; qui-
nolones, such as Norfloxacin, Ciprofloxacin or Enoxacin;
others, such as Metronidazole, Nitrofurantoin or Chloro-
mycetin; or, pharmaceutical formulations containing a bis-
muth salt, such as formulations of acid form bismuth citrate,
bismuth subsalicylate, bismuth subcarbonate, bismuth subni-
trate, bismuth subgallate.

2. Antacid agents, such as aluminum hydroxide, magne-
sium hydroxide, magnesium carbonate and magnesium alu-
minate, etc.;

3. Tranquilizers, such as tranquilizing agents, including
diazacycloheptatriene, etc.;
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4. Spasmolytics, such as Bietamiverine and Camylofin,
etc.;

5. Anticholinergic agents, such as oxyphenylepimine and
phenol urea, etc.;

6. Local anaesthetics, such as Tetracaine and Procaine, etc.;

7. Non-steroidal anti-inflammatory agents, such as
Indometacin, Aspirin and Naproxen, etc.;

8. Steroids and nitrite counteractants, such as ascorbic acid
and aminosulfonic acid, etc.;

9. Other agents for treatment of gastric ulcer, such as piren-
zipine, etc.;

10. Prostaglandin drugs, such as 16,16-dimethylPGE2,
etc.;

11. Histamine H,-antagonists, such as cimetidine, etc.

In the pharmaceutical composition of the present inven-
tion, the used “pharmaceutically acceptable excipients” can
be any common excipients in the field of medicine prepara-
tions. The selection of specific excipients will depend on the
administration manner for treatment of specific patients or
type and state of disease. The method for preparing a suitable
pharmaceutical composition for a specific administration
manner is well known by those skilled in the medicine field.
For example, the pharmaceutically acceptable excipients can
comprise common pharmaceutically acceptable diluents, car-
riers, fillers, binders, wetting agents, disintegrants, absorp-
tion enhancers, surfactants, adsorption carriers and lubri-
cants, etc. If necessary, flavoring agents, preservatives and
sweeting agents etc. can be added to the pharmaceutical com-
position.

The pharmaceutical composition of the present invention
can be administered via any manner known in the art, for
example, via oral, spray inhalation, rectum, nasal cavity, vagi-
nal administration or topical administration, or via parenteral
administration, such as via subcutaneous, intravenous, intra-
muscularly, intraperitoneally, intrathecal, intraventricular,
intrasternal or intracranial injection, or infusion, among
which, preferably administered via oral, intramuscularly,
intraperitoneally or intravenous injection.

When it is used for oral administration, it can be processed
to form a conventional solid preparation, such as tablet, cap-
sule, pill, granule, etc.; or to form an oral liquid preparation,
such as oral solution, oral suspension, syrups, etc. When it is
an oral preparation, suitable fillers, binders, disintegrants,
lubricants etc. can be added.

When it is used for injection administration, it can be
processed to form a conventional injection, injection aseptic
powder and injection concentrated liquid. When it is an injec-
tion preparation, it can be prepared by a conventional method
in the pharmaceutical field; when an injection is prepared,
additives may not be added, or suitable additives may be
added according to the properties of drug.

No matter being used for human medical treatment or
veterinary medicine, the compound of the present invention
has a daily dose of 1-3000 mg, preferably 5-2000 mg, more
preferably 5-1500 mg, of the compound of Formula (I) for
oral administration; a daily dose of 1-1500 mg, preferably
5-1000 mg, of the compound of Formula (I) for injection
administration. If necessary, the compound or pharmaceuti-
cal composition of the present invention can be administered
in multiple doses to achieve the desired effects. However,
those skilled in the art know that, if necessary, the adminis-
tration can be performed beyond the above dose ranges,
according to the kinds and body weight of subjects, the prop-
erties and severity of diseases, the types and administration
manners of the preparations, and the cycle and interval of
administration.



US 9,315,513 B2

29

In comparison with the prior art, the compound of the
present invention is not influenced by CYP,C,, enzyme
metabolism, thereby reducing administration difference in
population; can significantly inhibit gastric acid secretion in
mammals, has no potential toxic and side effects, no gas-
trointestinal tract irritation; has less drug interaction, is safe
and effective, can be used for manufacture of a medicament
for treatment and/or prophylaxis of digestive tract ulcer, and
the medicament has quick onset, strong potency, long half-
life, and stable acid inhibition effects.

EXEMPLARY MODES FOR CARRYING OUT
THE INVENTION

The following experimental examples and preparation
examples further illustrate the beneficial effects and prepara-
tion of the compound of the present invention, but the present
invention is not intended to be limited to these experimental
examples and preparation examples.

Example 1

Preparation of 2-[[4-(3-methoxylpropoxy)-3-meth-
ylpyridin-2-yl|methylsulfinyl]-6,7-dihydro-3H-ben-
zofuro[5,6-d]midazole (Compound 1)

Step 1: Preparation of 5-nitro-2,3-dihydrobenzofuran

O,N
HNO;
—_—
AcOH

2,3-dihydrobenzofuran (5 g, 41.6 mmol) was dissolved in
35 mL of acetic acid, and ¥4 HNO; (0.9 mL, 45.4 mmol) was
added dropwise. At the beginning of reaction, it was heated to
70° C., then the residual HNO; was added. After 0.5 hour, the
reaction was cooled, added into ice-water, and then neutral-
ized with Na,CO;. The water layer was extracted with ethyl
acetate. The organic layers were combined and dried, con-
centrated under vacuum, purified by column chromatography
to obtain a product (1 g, 14.6%).

Step 2: Preparation of
5-amino-2,3-dihydrobenzotfuran

LN
Ra—Ni
MeOH

The product (1 g, 6.1 mmol) obtained in Step 1, Raney Ni
(0.1 g) and MeOH (10 mL) were used for hydrogenation at
room temperature and hydrogen pressure of 50 PSI, until the
reaction was finished. The catalyst was removed by filtration,
the fitrate was concentrated under vacuum to obtain a product
(800 mg, 97.2%).
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Step 3: Preparation of
S-acetylamino-2,3-dihydrobenzofuran

H,N. AcHN
Ac,O

—_—
AcOH

The product (5.2 g, 38.5 mmol) obtained in Step 2 was
dissolved in AcOH (20 mL) and Ac,O (5 mL), heated to 60°
C., reacted for 12 h, and concentrated to obtain a crude prod-
uct (6 g, 88.0%).

Step 4: Preparation of
S-acetylamino-6-nitro-2,3-dihydrobenzofuran

AcHN AcHN
HNO;
D —
AcOH
(0] 0N (¢]

The product obtained in Step 3 (6.0 g, 33.9 mmol) was
dissolved in AcOH (100 mL), then HNO; (1.9 mL, 47.5
mmol) was added. The reaction mixture was stirred at room
temperature for 1 h, then poured into ice-water. The water
layer was extracted with ethyl acetate. The organic layer was
dried, concentrated, purified by column chromatography to
obtain a product (7.0 g, 93.3%).

Step 5: Preparation of
5-amino-6-nitro-2,3-dihydrobenzotfuran

AcHN H,N

H,S0,4
—_—

0N 0N

The product obtained in Step 4 (7.0 g, 31.5 mmol) and 2
mol/L H,SO,, solution (200 mL) were heated to reflux for 6 h.
Then the reaction mixture was cooled to 0° C., filtered,
washed with water, concentrated under vacuum and dried to
obtain a product (4.0 g, 70%).

Step 6: Preparation of
5,6-diamino-2,3-dihydrobenzofuran

N N
PdIC
_—
EtOH
O,N 0 H,N 0

The productobtained in Step 5 (2.5 g, 13.9 mmol) and Pd/C
(0.5 g) were dissolved in EtOH (50 mL), hydrogenated in a
Parr hydrogenation apparatus at room temperature and a
hydrogen pressure of 50 PSI for 12 h. The catalyst was
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removed by filtration, the ethanol solution of the product was
directly used in the next step of reaction.

Step 7: Preparation of
6-mercapto-7H-2,3-dihydrobenzofuro[ 5,6-d]imidazole

g
5§
:©:> e o7 s
H,N 0

N

HS—</

N
H

The product obtained in Step 6 (2.1 g, 13.9 mmol) was
dissolved in anhydrous ethanol (50 mL). Potassium ethylx-
anthogenate (3.3 g, 20.8 mmol) was added, stirred for 5h. The
solvent was removed, water and concentrated hydrochloric
acid were added, and the reaction mixture was adjusted to pH
3, extracted with ethyl acetate. The organic layers were com-
bined and washed with water and saline, dried, concentrated
under vacuum to obtain a product (1.5 g, 56%)

Step 8: Preparation of 2-[[4-(3-methoxylpropoxy)-3-
methylpyridin-2-yl|methylsulfo]-6,7-dihydro-3H-
benzofuro[5,6-d]imidazole

\O/\/\O
oL
g O

\O/\/\O

A

= S N
N \(
HN\Qj
0

The product obtained in Step 7 (1.5 g, 7.8 mmol) and
NaOH (0.78 g, 19.5 mmol) were dissolved in acetone (10 mL.)
and water (10 mL), stirred, added with 2-(chloromethyl)-4-
(3-methoxylpropoxy)-3-methylpyridine (1.79 g, 7.8 mmol),
stirred at room temperature for 2 h, filtered. The filter cake
was washed with acetone and water (v:v=1:1), dried to obtain
a product (1.6 g, 53.3%).
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Step 9: Preparation of Compound 1

\O/\/\O
®
-CPBA
7 S N iy
N Y
HN
o)
\O/\/\O
(T i
F S N
N \(
HN
0
Compound 1

The product obtained in Step 8 (1.6 g, 4.16 mmol) was
dissolved in dichloromethane (20 mL), stirred at -78° C.,
m-chloroperbenzoic acid m-CPBA (0.72 g, 4.16 mmol) was
added in 3 batches within 1 h, stirred for 30 min. The reaction
mixture was added to saturated NaHCO;, extracted with
dichloromethane, the organic layers were combined and then
washed with saline, dried, vacuum concentrated, purified by
column chromatography to obtain a product (1.6 g, 95.8%).

'"H-NMR (CDCl,, 600 MHz) 8: 2.03 (2H, m), 2.14 (3H, s),
3.32(3H,s),3.25 (2H, 1), 3.57 (2H, 1), 4.08 (2H, 1), 4.61 (2H,
1), 4.72 (14, d),4.77 (1H, d), 6.73 (2H, m), 7.42 (1H, d), 8.30
(1H, d), 12.22 (1H, s).

Step 10: Preparation of sodium salt of Compound 1

\O/\/\O
(T i
I
S NaOH
HNQj
0
\O/\/\O
(T i
I
= S N
N \(
AN
Na* 0
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The product obtained in Step 9 (1.6 g, 4.0 mmol) was added
to 0.1 mol/l. NaOH solution (20 mL), stirred at room tem-
perature for 1 h, diluted with dichloromethane, washed with
saturated saline, dried, concentrated under vacuum to obtain
a product (1.08 g, 63.5%). 5

Molecular formula: C,,H,,N;NaO,S; molecular weight:
423.46; MS: 402 (M+H")

'H-NMR (400 MHz, DMSO-d,) 8: 1.95 (2H, m), 2.11 (3H,
s), 3.25 (31, 5), 3.27 (2H, 1), 3.46 (2M, 1), 4.08 (2H, ©), 4.55
(2H, 1), 4.63 (1H, d), 4.75 (1H, d), 6.87 (1H, 5), 6.91 (1H, d),
7.45 (10, 1), 8.20 (1M, d).

10

15
Example 2

Preparation of 2-[(4-methoxyl-3,5-dimethylpyridin-

2-yDmethylsulfinyl]-6,7-dihydro-3H-benzofuro[5,6- 20
d]imidazole (Compound 2)
Step 1 to Step 7 were performed by referring to the Step 1 25
to Step 7 of Example 1.
Step 8: Preparation of 2-[(4-methoxyl-3,5-dimeth- 10

ylpyridin-2-yl)methylsulfo]-6,7-dihydro-3H-benzo-
furo[5,6-d]imidazole

o
fi
N = cl
LD
N o

35

40
45
\O
50
AN
Z
N

By referring to the Step 8 of Example 1, 6-mercapto-7H-
2,3-dihydrobenzofuro[5,6-d|imidazole (1.5 g, 7.8 mmol),
NaOH (0.78 g, 19.5 mmol), acetone (10 mL), water (10 mL)
and 2-(chloromethyl)-4-methoxyl-3,5-dimethylpyridine
(1.45 g, 7.8 mmol) were used to obtain a product (1.51 g,
56.7%).

60

65

513 B2
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Step 9: Preparation of Compound 2

\O
AN
| -CPBA
Z 8 N m -
N \(
HN
6}
\O
\ o
F § N,
N Y
HN
6}
Compound 2

By referring to the Step 9 of Example 1, 2-[(4-methoxyl-
3,5-dimethylpyridin-2-yl)methylsulfo]-6,7-dihydro-3H-
benzofuro[5,6-d]imidazole (1.42 g, 4.16 mmol), dichlo-
romethane (20 mL), m-CPBA (0.72 g, 4.16 mmol), were used
to obtain a product (1.38 g, 92.9%)).

'"H-NMR (DMSO, 600 MHz) §: 2.21 (6H, s), 3.18 (2H, 1),
3.69(3H,s),4.34 (1H, d),4.43 (2H,1),4.70 (1H, d), 6.75 (1H,
s), 7.27 (1H, s), 8.22 (1H, s), 12.20 (1H, b).

Step 10: Preparation of sodium salt of Compound 2

\O
AN o
I
S N NaOH
N Y —_—
HN
O
\O
AN o
I
S
N

N,
\(
N
Na*
(6]
By referring to Step 10 of Example 1, 2-[ (4-methoxyl-3,5-
dimethylpyridin-2-yl)methylsulfinyl]-6,7-dihydro-3H-ben-
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zofuro[5,6-d]imidazole (1.43 g, 4.0 mmol), 0.1 mol/l. NaOH
solution (20 mL), were used to obtain a product (1.0 g,
66.4%).
Molecular formula: C,H,{N;NaO,S; molecular weight:
379.41; MS: 358 (M+H")

Example 3

Preparation of 2-[[3-methyl-4-(2,2,2-trifluoroet-
hoxyl)pyridin-2-yl|methylsulfinyl]-6,7-dihydro-3H-
benzofuro[5,6-d]imidazole (Compound 3)

Step 1 to Step 7 were performed by referring to the Step 1
to Step 7 of Example 1.

Step 8: Preparation of 2-[[3-methyl-4-(2,2,2-trifluo-
roethoxyl)pyridin-2-yl|methylsulfo]-6,7-dihydro-3H-
benzofuro[5,6-d]imidazole

B o
fl
N
= ci
-t
N o
i
o
S N
N \(
HNQ]
0

By referring to the Step 8 of Example 1, 6-mercapto-7H-
2,3-dihydrobenzofuro[5,6-d|imidazole (1.5 g, 7.8 mmol),
NaOH (0.78 g, 19.5 mmol), acetone (10 mL), water (10 mL),
2-(chloromethyl)-3-methyl-4-(2,2,2-trifluoroethoxyl)pyri-
dine (1.87 g, 7.8 mmol), were is used to obtain a product (1.63
2, 52.8%).

F;

\

Step 9: Preparation of Compound 3
F3C/\O
I

= S N
N \(
HN\Qj
0

m-CPBA
_—

25

35

40

45

50

55

60
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-continued
F3C/\O
o o
I
P S N
N Y
HN\Qj
(@]
Compound 3

By referring to the Step 9 of Example 1, 2-[[3-methyl-4-
(2,2,2-trifluoroethoxyl)pyridin-2-ylJmethylsulfo]-6,7-dihy-
dro-3H-benzo furo[5,6-d]imidazole (1.64 g, 4.16 mmol),
dichloromethane (20 mL), m-CPBA (0.72 g, 4.16 mmol),
were used to obtain a product (1.55 g, 90.7%).

Step 10: Preparation of sodium salt of Compound 3

F5C 0
AN o
I
S N NaOH
HN
(@]
F3C/\O
AN o
I
F S N
N Y
>
Na*

By referring to the Step 10 of Example 1, 2-[[3-methyl-4-
(2,2,2-trifluoroethoxyl)pyridin-2-ylJmethylsulfinyl]-6,7-di-
hydro-3H-benzofuro[5,6-d]imidazole (1.65 g, 4.0mmol), 0.1
mol/L. NaOH solution (20 mL), were used to obtain a product
(1.1 g, 62.8%).

Molecular formula: C,gH,sF;N;NaO;S;
weight: 433.38; MS: 412 (M+H™")

'H-NMR (400 MHz, DMSO-d,) 8: 2.07 (3H, s), 3.18 (2H,
1), 4.43 (2H, 1), 4.88 (2H, m), 6.74 (1H, s), 7.05 (1H, d), 7.26
(1H, s), 8.35 (1H, d).

molecular
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Example 4 -continued

Preparation of 2-[(3,4-dimethoxylpyridin-2-yl)meth-
ylsulfinyl]-6,7-dihydro-3H-benzotfuro[5,6-d]imida- 5
zole (Compound 4)

Step 1 to Step 7 were performed by referring to the Step 1
to Step 7 of Example 1.

10

Step 8: Preparation of 2-[(3,4-dimethoxylpyridin-2-
yDmethylsulfo]-6,7-dihydro-3H-benzofuro[ 5,6-d]
imidazole

Compound 4

15

By referring to the Step 9 of Example 1, 2-[(3,4-
dimethoxylpyridin-2-yl)methylsulfo]-6,7-dihydro-3H-ben-
zofuro[5,6-d]imidazole (1.43 g, 4.16 mmol), dichlo-

5o romethane (20 mL), m-CPBA (0.72 g, 4.16 mmol), were used
to obtain a product (1.43 g, 95.4%).

'H-NMR (CDCl,, 600 MHz) &: 3.32 (2H, 1), 3.88 (3H, s),

N 3.92 (3H, s), 4.64 (3H, m), 4.85 (1H, d), 6.84 (2H, m), 7.59
HS_</ 55 (1H, s), 8.24 (1H, d), 11.60 (1H, b).
i
Step 10: Preparation of sodium salt of Compound 4
30

NaOH

By referring to the Step 8 of Example 1, 6-mercapto-7H-
2,3-dihydrobenzofuro[5,6-d|imidazole (1.5 g, 7.8 mmol),
NaOH (0.78 g, 19.5 mmol), acetone (10 mL), water (10 mL),
2-chloromethyl-3,4-dimethoxylpyridine (1.46 g, 7.8 mmol),
were used to obtain a product (1.61 g, 60.2%).

Step 9: Preparation of Compound 4

55

m-CPBA By referring to the Step 10 of Example 1, 2-[(3,4-
- dimethoxylpyridin-2-yl)methylsulfo]-6,7-dihydro-3H-ben-
zofuro[5,6-d]imidazole (1.44 g, 4.0 mmol), 0.1 mol/l. NaOH
solution (20 mL), were used to obtain a production (0.98 g,
68.7%).

o) Molecular formula: C,,H, ;N;NaO,S; molecular weight:
381.38; MS: 360 (M+H")
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Example 5 By referring to the Step 4 of Example 1, 5-acetylaminoin-
dazole (6 g,34.2 mmol), HNO, (2.0 mL, 48 mmol), were used

to obtai duct (6.9 g, 91.7%).
Preparation of 2-[[4-(3-methoxylpropoxy)-3-meth- 0 obtain a product (6.9'g, ©)

ylpyridin-2-yl]methylsulfinyl]-3,6-dihydroimidazo 5
[4,5-e]indazole (Compound 5) Step 4: Preparation of 4-nitro-5-aminoindazole

Step 1: Preparation of 5-aminoindazole

10
NO,
H
H,C N H,50,
0N H, N \ﬂ/ \N
Pd/C 15 /
\N —_— \N 0 N
/ H
N N
H
NO,
By referring to the Step 6 of Example 1, 5-nitroindazole 20 H,N
(5.0 g, 30.7 mmol), Pd/C (1.2 g), were used to obtain a \N
product (2.6 g, 62.6%). /
i
Step 2: Preparation of 5-acetylaminoindazole 25

By referring to the Step 5 of Example 1, 4-nitro-5-acety-
laminoindazole (6.9 g, 31.5 mmol), 2 mol/L H,SO, solution
(200 mL), were used to obtain a product (4.0 g, 73.6%).

30

H,N
’ N\ Ac0 Step 5: Preparation of 4,5-diaminoindazole
N —
/ HOAc
N
H
35
H;C § NO, . NH,
2>
\”/ \CE\/N HoN Pd/C LN
O —_—
N N N N N
H 40 / /
N N
H H
By referring to the Step 3 of Example 1, 5-aminoindazole
(5 g 37.6 mmol), AcOH .(20 mL) and Ac,O (5 mL)g were By referring to the Step 6 of Example 1, 4-nitro-5-aminoin-
used, concentrated to obtain a crude product that was directly 45 3a50]e (2.5 g, 14.0 mmol), Pd/C (0.25 g), were used to obtain
used in the next step of reaction. a product (1.4 g, 65.5%).
Step 3: Preparation of 4-nitro-5-acetylaminoindazole Step 6: Preparation of
50 2-mercapto-1H,6H-imidazole[4,5-e]indazole

55 g
HNO
T N o A R
0O /
N HN \ H3C/\O sK
N
60 N/
NO, N
H

PN

HN NH

ZiT

H;C

NP
Sy

65
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By referring to the Step 7 of Example 1, 4,5-diaminoinda- 'H-NMR (CDCl,, 300 MHz) &: 2.05 (2H, m), 2.22 (3H, s),
zole (2.0 g, 13.5 mmol), potassium ethylxanthate (3.2 g, 20.2 3.35(3H,s),3.50(2H,1),4.05 (2H,1),4.85(2H, dd), 6.69 (1H,
mmol), were used to obtain a product (1.5 g, 59.2%). d),7.86 (1H,d),7.52 (1H, d),8.33 (1H, d), 8.72 (1H, 5), 12.89

(1H, br. s), 13.29 (1H, br. s).

Step 7: Preparation of 2-[[4-(3-methoxylpropoxy)-3-
methylpyridin-2-yl|methylsulfo]-3,6-dihydroimidazo Example 6
[4,5-e]indazole

Preparation of 2-[[4-(3-methoxylpropoxy)-3-meth-

10 ylpyridin-2-yl|methylsulfinyl]-6,7-dihydro-1H-[1,4]
N >N dioxino[2,3-f]benzimidazole (Compound 6)
X Step 1: Preparation of
| 15 6-acetylamino-2,3-dihydrobenzo[b][1,4]dioxane

HS N
= =N = Cl
| N
HN NH
NN HN o AcHN. o
—_—
\ 0 0

F § N ~
N \r 7] 2 6-amino-2,3-dihydrobenzo[b][1,4]dioxane (9 g, 60 mmol)
HN NH and acetic anhydride (150 mL) were stirred at room tempera-

ture for 3 h, added to ice, extracted with dichloromethane
(300 mL). The organic layer was dried, filtered, concentrated
under vacuum to obtain a product (10.6 g, 91%).

30
By referring to the Step 8 of Example 1, 2-mercapto-1H,

6H-imidazole[4,5-e]indazole (1.5 g, 7.9 mmol), NaOH (0.78
g, 19.5 mmol), 2-(chloromethyl)-4-(3-methoxylpropoxy)-3-
methylpyridine (1.8 g, 7.9 mmol), were used to obtain a

Step 2: Preparation of 6-acetylamino-7-nitro-2,3-
dihydrobenzo[b][1,4]dioxane

product (1.8 g, 59.4%). 35
Step 8: Preparation of Compound 5 AcHN o AcHN o
HNO;
B —
40
O O,N O
N NN 2
> At 0° C., the product obtained in the Step 1 (12.5 g, 65

| _ S N ﬂ 45 mmol) was dissolved in acetic acid (100 mL), a concentrated
N Y =N HNO; (100 mL) was added dropwise, stirred at room tem-
HN\@I{IH perature for 3 h. The reaction mixture was added to ice-water,

adjusted by adding NaOH solution to adjust pH to be 8-9,

NN extracted with dichloromethane. The organic layer was dried,
O 0 5o filtered, concentrated under vacuum to obtain a product (13 g,
84%).
= o
| / Q N Step 3: Preparation of
N Y == ;\I 55 6-amino-7-nitro-2,3-dihydrobenzo[b][1,4]dioxane
HN NH

Compound 5 AcHN O HN (0]
By referring to the Step 9 of Example 1, 2-[[4-(3-methoxy- 0N o 0N o

Ipropoxy)-3-methylpyridin-2-yl|methylsulfo]-3,6-dihy-

droimidazo[4,5-e]indazole (1.8 g, 4.7 mmol), m-CPBA (0.81

g. 4.7 mmol), were used to obtain a product (1.7 g, 92.8%). s To the product obtained in the Step 2 (13 g, 55 mmol), 2
Molecular formula: C,oH,;N;O;S; Molecular weight: mol/L H,SO, solution (500 mL) was added, stirred under

399.47; MS: 400 (M+H") refluxing for 6 h. The heat source was removed, the reaction
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mixture was cooled to 0° C., filtered, washed with water,
dried, concentrated under vacuum to obtain a product (8.4 g,
79%).

Step 4: Preparation of
6,7-diamino-2,3-dihydrobenzo[b][1,4]dioxane

H,N o) H,N o)
—_—

0,N 0 H,N 0
The product obtained in the Step 3 (8.2 g, 42 mmol) was
dissolved in anhydrous methanol (300 mL.), 10% Pd/C (0.8 g)
was added under hydrogen gas pressure, reacted for 18 h. The
catalyst was removed by filtration, the filtrate was concen-
trated under vacuum, diluted with ethyl acetate, and washed

with water, dried, concentrated under vacuum to obtain a
product (5 g, 72%).

Step 5: 7-mercapto-6H-2,3-dihydro[1,4]dioxino[2,3-
d]benzo[d]imidazole

H,N

S
° )k

j e o SK*
0

I

The production obtained in the Step 4 (5 g, 30 mmol) was
dissolved in anhydrous methanol (300 mL). Potassium eth-
ylxanthate (7.1 g, 45 mmol) was added, stirred for 5 h. The
solvent was removed, water and concentrated hydrochloric
acid were added, and the reaction mixture was adjusted to pH
3, and extracted with ethyl acetate. The organic layers were
combined and then washed with water and saline, dried,
concentrated under vacuum to obtain a product (4.3 g, 69%).

LN

Step 6: Preparation of 2-[[4-(3-methoxylpropoxy)-3-
methylpyridin-2-ylJmethylsulfo]-6,7-dihydro-1H-[ 1,
4]dioxino[2,3-f|benzimidazole

\O/\/\O

\

. 0 | o
Hs—</ :@[ j NG
N 0

10

20

25

30

35

40

45

55

60
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-continued

NN

X

TR

The product of the Step 5 (4.3 g, 20.7 mmol) and NaOH
(2.1 g, 51.8 mmol) were dissolved in acetone (20 mL) and
water (20 mL), stirred, a solution of 2-(chloromethyl)-4-(3-
methoxylpropoxy)-3-methylpyridine (5.5 g, 20.7 mmol) and
water (20 mL) were added dropwise at 15-20° C. After filtra-
tion at 25-30° C., the filter cake was washed with acetone and
water (v:v=1:1), dried to obtain a product (5 g, 60%).

Step 7: Preparation of Compound 6

/\/\O
| S N m-CPBA
v g Z —
AN 0
04>
\O/\/\O
@
|
F s N,
N \(
AN 0
04>
Compound 6

The product obtained in the Step 6 (3 g, 7.5 mmol) was
dissolved in dichloromethane (200 mL), stirred, m-chloro-
perbenzoic acid m-CPBA (1.2 g, 7.5 mmol) was added in 3
batches at —50° C. within 1.5 h. The reaction mixture was
added into saturated NaHCO;, extracted with dichlo-
romethane, the organic layers were combined and then
washed with saline, dried, concentrated under vacuum, puri-
fied by column chromatography to obtain a product (2.8 g,
89%).
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Step 8: Preparation of Sodium Salt of Compound 6

\O/\/\O
(T i
Il
N/ SYN NaOH
HN 0
o—>
\O/\/\O
88
I
Z S N
N \(
N 0
Na* :
0

The product obtained in the Step 7 (13 g, 55 mmol) was
added to 0.1 mol/LL NaOH solution (20 mL), stirred at room
temperature for 1 h, diluted with dichloromethane, washed
with saturated saline, dried, concentrated under vacuum,
purified by production HPL.C to obtain a product (0.5 g,
39%).

Molecular formula: C,,H,,N;NaO,S; Molecular weight:
439.46; MS: 418 (M+H")

'H-NMR (CDCl,, 400 MHz) 3: 2.08 (2H, m), 2.19 (3H, s),
3.36 (3H, s), 3.55 (2H, 1), 4.10 (2H, t), 4.30 (4H, 1), 4.66 (1H,
d),4.78 (1H, d), 6.74 (1H, d), 7.10 (1H, s), 7.13 (1H, s), 8.31
(1H, d).

Example 7

Preparation of 2-[[4-(3-methoxylpropoxy)-3-meth-
ylpyridin-2-yl]methylsulfinyl]-1H,5H-imidazo[ 5,4-1]
benzo[d]imidazole (Compound 7)

Step 1: Preparation of
5,6-dinitro-1H-benzo[d]imidazole

N> HNO; : N>
/ HOAc /

N N

0N

Benzimidazole (5 g, 42.3 mmol) was dissolved in 35 mL
acetic acid, ¥4 concentrated HNO, (0.9 mL, 45.4 mmol) was
added dropwise. At the beginning, the reaction was heated to
70° C., then the residual HNO; was added. After half'an hour,
the reaction was cooled, added to ice-water, neutralized with
Na,COj;. The water layer was extracted with ethyl acetate.

46

The combined organic layers were dried, concentrated under
vacuum, purified by column chromatography to obtain a
product (1.4 g, 15.7%).

Step 2: Preparation of
5,6-diamino-1H-benzo[d]imidazole

O,N g LN g

)

N

ON HN

15

The product obtained in Step 1 (2.5 g, 12 mmol) and Pd/C
(0.5 g) were dissolved in EtOH (50 mL), reacted in a Parr
hydrogenation apparatus at room temperature and hydrogen
gas pressure until the reaction is completed. The catalyst was
removed by filtration, the filtrate was concentrated under
vacuum, diluted with ethyl acetate, washed with water, dried,
and concentrated under vacuum to obtain a product (1.2 g,
66.7%).

20

Step 3: Preparation of
2-mercapto-1H,5H-imidazo[5,4-f]benzo[d]imidazole

30

H,N g

)

N

g
H3C/\O)I\S'K*

35
LN

H
N N

1)

40 N N
H

The product obtained in the Step 2 (2 g, 13.4 mmol) was
dissolved in anhydrous ethanol (50 mL). Potassium ethylx-
anthate (3.2 g, 20 mmol) was added, stirred for 5 h. The
solvent was removed, water and concentrated hydrochloric
acid were added, and the reaction mixture was adjusted to pH
3, and extracted with ethyl acetate. The organic layers were
50 combined and washed with water and saline, dried, concen-

trated under vacuum to obtain a product (1.4 g, 53.4%).

Step 4: Preparation of 2-[[4-(3-methoxylpropoxy)-3-
methylpyridin-2-ylJmethylsulfo]-1H,5H-imidazo[ 5,
3 4-t]benzo[d]imidazole

60

Cl

65
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-continued

\O/\/\O
SYN
o
o

The product obtained in the Step 3 (1.3 g, 6.8 mmol) and
NaOH (0.68 g, 17 mmol) were dissolved in acetone (10 mL)
and water (10 mL), stirred, and added with 2-(chloromethyl)-
4-(3-methoxylpropoxy)-3-methylpyridine (1.6 g, 6.8 mmol),
stirred at room temperature, filtered. The filter cake was
washed with acetone and water (v:v=1:1), dried to obtain a
product (1.4 g, 51.9%).

A

&
N

Step 5: Preparation of Compound 7
o TN
| x
S m-CPBA
N YN -
HN
NH
=
N
\O /\/\O
(Y
I
P 5 N
N \(
HN
NH
=
N
Compound 7

The product obtained in the Step 4 (1.4 g, 3.65 mmol) was
dissolved in dichloromethane (20 mL), stirred at -78° C.,
m-chloro-perbenzoic acid m-CPBA (0.63 g, 3.65 mmol) was
added in 3 batches within 1 h. The reaction mixture was added
to saturated NaHCO;, extracted with dichloromethane, the
organic layers were combined and washed with saline, dried,
concentrated under vacuum, purified by column chromatog-
raphy to obtain a product (1.3 g, 90.6%).

Molecular formula: C,oH,;N;O;S; Molecular weight:
399.47; MS: 400 (M+H")

5

—
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48
'H-NMR (CDCl,, 500 MHz) &: 1.98 (2H, m), 2.17 (3H, 5).
3.25(3H, ), 3.48 (21, 1), 4.10 (211, 1), 4.53 (1H, d), 4.80 (11,
d), 6.94 (1H, d), 7.65 (2H, 5), 8.08 (1H, 5), 8.28 (1H, d), 12.9
(1H, s), 13.2 (11, s).

Example 8

Preparation of 2-[(3,5-dimethyl-4-methoxylpyridin-
2-yDmethyl-sulfinyl]-1H,5H-imidazo[5,4-d]benzo[d]
imidazole (Compound 8)

Step 1 to Step 3 were performed by referring to the Step 1
to Step 3 of Example 7.

Step 4: Preparation of 2-[(3,5-dimethyl-4-methoxy-
Ipyridin-2-yl)methylsulfo]-1H,5H-imidazo[ 5,4-1]

benzo[d]imidazole
\O
A
N { | > cl
% > N
N N
H
\O
A
Z

-

By referring to the Step 4 of Example 7, 2-mercapto-1H,
SH-imidazo[5,4-f]benzo[d]imidazole (1.3 g, 6.8 mmol),
NaOH (0.68 g, 17 mmol), 2-(chloromethyl)-4-methoxyl-3,5-
dimethylpyridine (1.3 g, 6.8 mmol), were used to obtain a
product (1.5 g, 56.7%).

Step 5: Preparation of Compound 8

o

A

=z S N
N \(
HND\
NH
P
N

m-CPBA
—_—
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-continued Step 5: Preparation of Compound 9
O

F3C/\O

S

o
3

\

x

m-CPBA

N
N Y
V S N
HN . N - —_
J 10
HN
NZ NI

J

Compound 8
N
) ) 15 PN
By referring to the Step 5 of Example 7, 2-[(3,5-dimethyl- FyC 0
4-methoxylpyridin-2-yl)methylsulfo]-1H,5H-imidazo[5,4-
flbenzo[d]imidazole (1.2 g, 3.65 mmol), m-CPBA (0.63 g, 0
3.65 mmol), were used to obtain a product (1.2 g, 89.4%). [
Molecular formula: C,,H,,N,O,S; Molecular weight: 29 N/ S /N
355.41 MS: 356 (M+H*)
'H-NMR (DMSO-dg, 300 MHz) 8: 2.15 (3H, 5), 2.18 (3H, AN NH
$),3.66 (3H,s),4.75(2H, dd), 7.58-7.89 (2H, m), 8.10 (1H, s),
8.29 (1H, s), 12.40 (1H, s), 13.30 (1H, br. s). N)
25
Example 9 Compound 9
Preparation of 2-[[3-methyl-4-(2,2,2-trifluoroet- By referring to the Step 5 of Example 7, 2-[[3-methyl-4-
hoxyl)pyridin-2-ylmethylsulfinyl]-1H,5H-imidazo 30 (2,2,2-trifluoroethoxyl)pyridin-2-yl]methylsulfo]-1H,5H-
[5,4-d]benzo[d]imidazole (Compound 9) imidazo[5,4-f]b enzo[d]imidazole (1.4 g, 3.65 mmol),

m-CPBA (0.63 g, 3.65 mmol), were used to obtain a product
Step 1 to Step 3 were performed by referring to the Step 1 (13 g, 88.6%).

to Step 3 of E le 7.
0 Step > of Example Molecular formula: C,,H, ,F,NO,S; Molecular weight:

. . 409.39; MS: 410 (M+H")
Step 4: Preparation of 2-[[3-methyl-4-(2,2,2-trifluo- L
roethoxyl)pyridin-2-yllmethylsulfo]-1H,5H-imidazo H-NMR (DMSO-d,, 300 MHz) 8: 2.16 (3H, 5), 4.80 (2H,
[5.4-d]benzo[dJimidazole dd), 4.91 (2H, 1), 7.05 (1H, d), 7.60-7.79 (2H, m), 8.25 (1H,
d), 8.26 (1H, s), 12.3 (1H, d), 13.3 (1H, m).

40
Example 10
F3C/\O
N Preparation of 2-[(3,4-dimethoxylpyridin-2-yl)meth-
| 4 ylsulfinyl]-1H,5H-imidazo[5,4-d|benzo[d]|imidazole
N g P al (Compound 10)
<1 —
HS /
N N Step 1 to Step 3 were performed by referring to the Step 1
H 50 to Step 3 of Example 7.
re” o
Step 4: Preparation of 2-[(3,4-dimethoxylpyridin-2-
QAN yDmethylsulfo]-1H,5H-imidazo[5,4-t[benzo[ d]imi-
dazole
/ S N 55
N Y
HN\Q\
NH
N) 60
By referring to the Step 4 of Example 7, 2-mercapto-1H, N

SH-imidazo[5,4-f]benzo[d]imidazole (1.3 g, 6.8 mmol), HS%
NaOH (0.68 g, 17 mmol), 2-(chloromethyl)-3-methyl-4-(2, 65
2,2-trifluoroethoxyl)pyridine (1.6 g, 6.8 mmol), were used to
obtain a product (1.5 g, 54.9%).
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-continued

NH

S

By referring to the Step 4 of Example 7, 2-mercapto-1H,
SH-imidazo[5,4-f]benzo[d]imidazole (1.3 g, 6.8 mmol),
NaOH (0.68 g, 17 mmol), 2-chloromethyl-3,4-dimethoxy-
Ipyridine (1.3 g, 6.8 mmol), were used to obtain a product (1.5
g, 64.7%).

Step 5: Preparation of Compound 10

m-CPBA
—_

Compound 10

By referring to the Step 5 of Example 7, 2-(3,4-dimethoxy-
Ipyridin-2-yl)methylsulfo-1H,5H-imidazo[ 5,4-t]benzo[d]
imidazole (1.2 g, 3.65 mmol), m-CPBA (0.63 g, 3.65 mmol),
were used to obtain a product (1.2 g, 94.6%).

Molecular formula: C, H,N;O;S; Molecular weight:
357.39 MS: 358 (M+H*)

'H-NMR (DMSO-d,, 300 MHz) &: 3.75 (3H, s), 3.88 (3H,
s), 4.66 (2H, dd), 7.09 (1H, s), 7.72 (1H, s), 7.66 (1H, s), 8.14
(1H, s), 8.25 (1H, s), 12.32 (1H, s), 13.34 (1H, br. 5).
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Example 11

Preparation of 6-[[4-(3-methoxylpropoxy)-3-meth-
ylpyridin-2-yl]methylsulfinyl]-1,5-dihydro-imidazo
[4,5-flindazole (Compound 11)

Step 1: Preparation of 5,6-dinitroindazole

0,N i 0,N i
\  HNO; \
N — y N
O.N

By referring to the Step 1 of Example 7, 6-nitroindazole (5
g,30.7mmol), 35 mL of acetic acid, concentrated HNO; (3.6
ml, 181.6 mmol), were used to obtain a product (1.8 g,
28.6%).

Step 2: Preparation of 5,6-diaminoindazole

H H
0,N N\ H, H,N N\

/N Pd/C /N
0:N H,N

By referring to the Step 2 of Example 7, 5,6-dinitroinda-
zole (5.0 g, 24.0 mmol), 10% Pd/C (1 g), were used to obtain
a product (2.4 g, 66.7%).

Step 3: Preparation of
6-mercapto-1H,5H-imidazo[4,5-t|indazole

S
/ N
LN

N

HS—</

N
H

xn /zm

By referring to the Step 3 of Example 7, 5,6-diaminoinda-
zole (2.4 g, 16.2 mmol), potassium ethylxanthate (4.0 g, 25
mmol), were used to obtain a product (1.9 g, 62.8%).
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Step 4: Preparation of 6-[[4-(3-methoxylpropoxy)-3-
methylpyridin-2-yl|methylsulfo]-1,5-dihydro-imi-
dazo[4,5-f]indazole

\O/\/\O
x
N N | cl
&
Iy ——
N Y
H
\O/\/\O
| AN
Z S N
N Y
o NH
\
N

By referring to the Step 4 of Example 7, 6-mercapto-1H,
SH-imidazo[4,5-t]indazole (1.3 g, 6.8 mmol), NaOH (0.68 g,
17 mmol), 2-(chloromethyl)-4-(3-methoxylpropoxy)-3-me-
thylpyridine (1.6 g, 6.8 mmol), were used to obtain a product
(1.5 g, 57.5%).

w
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Step 5: Preparation of Compound 11

Compound 11

By referring to the Step 5 of Example 7, 6-[[4-(3-methoxy-
Ipropoxy)-3-methylpyridin-2-yl|methylsulfo]-1,5-dihydro-
imidazo[4,5-flindazole (1.5 g, 3.9 mmol), m-CPBA (0.63 g,
3.9 mmol), were used to obtain a product (1.4 g, 92.5%).

Molecular formula: C,oH, NsO,;S; Molecular weight:
399.47; MS: 400 (M+H")

'"H-NMR (CDCl,, 500 MHz) 8: 1.98 (2H, m), 2.17 (3H, s),
3.25(3H,s),3.49 (2H, 1), 4.09 (2H, 1),4.71 (1H, d), 4.80 (1H,
d), 6.93 (1H, d), 7.52 (1H, s), 8.07 (1H, s), 8.18 (1H, s), 8.28
(1H, d), 12.83 (1H, s); 13.28 (1H, s).

The following compounds were also prepared by using the
above methods:

TABLE 2

Exemplary compounds of the present invention

No. Structural formula MS
12 ~ 356(M + H)*
(0]
x o
F s N,
N \( S N
HN NH
13 PN 402(M + H)*
o 0
(T i
P S

o



55

TABLE 2-continued
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Exemplary compounds of the present invention

No. Structural formula MS
14 412(M + H)*
F3C/\O
\ o
= S
N \(
HN
0
15 \o 374M + H)*
\ ﬁ
Z S N
N =
HN o
04>
16 428(M + H)*
F3C/\O
\ (?
F S N
N =
HN o
04>
17 \o 356(M + H)*
\ o
I -
Z S N N
N = 7
HN N
18 PN 400(M + H)*
~o 0
08
)it
P S N
N

56
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TABLE 2-continued

Exemplary compounds of the present invention

Structural formula MS
FZHC\ 378(M + H)*
(0]
\ o
= S N,
N =
HN.
NH
P
N
(0] 356(M + H)*
- ( )
\ o
F S N,
N \(
HN
NH
P
N
~ 342(0M + H)*
(0]
\ o
S H

358(M + H)*

prsas

s/

BN NN 402(M + H)*

n=0

A\
~
Z
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TABLE 2-continued

Exemplary compounds of the present invention

No. Structural formula MS
24 NN 401(M + H)*
\O o ( )
(T i
F S N
N Y
HN
N
it
25 \o 366(M + H)*
\ (ﬁ
F S N
N \(
HN
NH
26 409(M + H)*
F3C/\O ( )
\ o
Z S N
N \(
HN

N
H
27 PN 416(M + H)*
o 0 M+ H)
(T
|
Z S N
N Y
HN o
28 ~o 372(M + HY
AN o
I
/ S N
N \(

60
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Example 12

Preparation of (S)-2-[[[4-(3-methoxylpropoxy)-3-
methyl-2-pyridyl|methyl]-sulfinyl]-6,7-dihydro-3H-
benzofuro[5,6-d]imidazole (Compound 29)

A mixture of 2-[[4-(3-methoxylpropoxy)-3-methylpyri-
din-2-ylJmethylsulfo]-6,7-dihydro-3H-benzofuro[ 5,6-d]
imidazole (the compound obtained in the Step 8 of Example
1) (48 g, 125 mmol), toluene (300 mL), D-(-)-diethyl tartrate
(32.3 mL, 188 mmol), tetraisopropyl titanate (22.2 mL, 75
mmol) and deionized water (0.8 mL, 44 mmol) was stirred at
55° C. for 1 h, cooled to 10° C., added with N,N-diisopropy-
lethylamine (8.9 mL., 54 mmol), then cumyl hydroperoxide
(23.3 mL, 137 mmol) was added dropwise to the reaction
solution, stirred for 12 h. Aqueous ammonia (12.5%) was
used for extraction, and the aqueous phase was adjusted with
glacial acetic acid to pH=S8, filtered, washed with water, dried,
and recrystallized to obtain a product (14 g, 28%).

Example 13

Preparation of (R)-2-[[[4-(3-methoxylpropoxy)-3-
methyl-2-pyridyl|methyl]-sulfinyl]-6,7-dihydro-3H-
benzofuro[5,6-d]imidazole (Compound 30)

CHIRALPAK AS-H was used as analytical column (silica
surface was coated with amylose-tri{(S)-c.-tolylphenylcar-
bamate} as stationary phase); the mobile phase was n-hex-
ane-ethanol-diethylamine (50:50:0.1) (v/v/v); Compound 29
and Compound 30 was obtained by resolution of
Compound 1.
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Example 14

Preparation of 2-[[[4-(3-methoxylpropoxy)-3-me-
thyl-2-pyridyl |methyl]-sulfinyl]-6,7-dihydro-3H-
benzofuro[5,6-d]imidazole sodium (sodium salt of
Compound 30)

Step 1: Preparation of 5-nitro-2,3-dihydrobenzofuran

O,N
HNO;
—_—
AcOH

2,3-Dihydrobenzofuran (36 g, 0.3 mol) was added to gla-
cial acetic acid (100 mL), heated to 65° C., then concentrated
nitric acid (25 ml, 0.36 mol) was added dropwise into the
reaction solution, the temperature of the reaction solution was
controlled at 65-75° C. After the end of dropwise addition, the
agitation was kept for 0.5 h. It was then cooled to room
temperature, filtered, washed with water, and dried to obtain
a product (22 g, 44.4%).

Step 2: Preparation of
5-amino-2,3-dihydrobenzotfuran

0:N H,N
Ra—Ni
MeOH
o o

A mixture of the product obtained in the Step 1 (15 g, 91
mmol), Pd/c (1.5 g) and anhydrous ethanol (50 mL.) reacted at
50° C. and 2 MPa hydrogen gas for 3 h, filtrated, and concen-
trated to obtain a product (11.2 g, 91.1%).

Step 3: Preparation of
5-amino-6-nitro-2,3-dihydrobenzotfuran

HN
Aczo
B
o
AcHN
HNO;,
—_—
o
AcHN N
EtOH
—_
HCI
O,N 0 O,N 0

At room temperature, acetic anhydride (10.3 mL, 110
mmol) was added dropwise to a solution of the product
obtained in the Step 2 (12 g, 89 mmol) and ethyl acetate (80
ml), after dropwise addition, acetic anhydride (19 mL) was
further added, stirred for 0.5 h. Then concentrated nitric acid
(7.6 mL, 110 mmol) was added dropwise into the above
reaction solution, cooled to room temperature, filtered to
obtain a solid. The reaction mixture of the solid, hydrochloric
acid (20 mL) and anhydrous ethanol (40 mL) was refluxed for
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4 h, cooled to room temperature, filtrated, washed with water,
and dried to obtain a product (9.8 g, 61.3%).

Step 4: Preparation of 2-mercapto-6,7-dihydro-3H-
benzofuro[5,6-d]imidazole

N
Pd/C
FoR
ON 0

S
J§
=
HoN 0
N
Hs—</

N
H

The product obtained in the Step 3 (36 g, 0.2 mol), Pd/C
(3.6 g) and anhydrous ethanol (100 mL.) were added to a
hydrogenation reaction kettle, reacted at 50° C., 4 MPa
hydrogen gas pressure for 2 h, filtrated.

The mixture of the filtrate and potassium ethylxanthate
(35.2 g, 0.22 mol) was refluxed for 4 h, cooled to room
temperature, filtered, washed with water and ethanol in
sequence, dried to obtain a product (34 g, 88.5%).

Step 5: Preparation of 2-[[4-(3-methoxylpropoxy)-3-
methyl-2-pyridyl|methylsulfo]-6,7-dihydro-3H-ben-
zofuro[5,6-d]imidazole

Cl

(6] N.
N (6]
H
A solution of 2-chloromethyl-4-(3-methoxylpropoxy)-3-
methylpyridine hydrochloride (26.6 g, 0.1 mol) and anhy-
drous methanol (100 mL) was added dropwise to a mixture of
the product as obtained in the Step 4 (19.2 g, 0.1 mol), sodium

hydroxide (8 g, 0.2 mol) and anhydrous methanol (100 mL),
after the end of dropwise addition, the agitation was kept for

/_/7 O
\
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3 h, then concentrated, filtered, washed with water, dried and
recrystallized to obtain a product (27 g, 70.1%).

Step 6: Preparation of (R)-2-[[[4-(3-methoxylpro-
poxy)-3-methyl-2-pyridyl|methyl]sulfinyl]-6,7-dihy-
dro-3H-benzofuro[5,6-d]imidazole (Compound 30)

OOH
/
/_/7 O
(6] /N —_—
— S
_<N (6]
\_/ i
(6]

A mixture of the product obtained in the Step 5 (48 g, 125
mmol), toluene (300 mL), L-(+)-tartaric acid diethyl ester
(32.3 ml., 188 mmol), tetraisopropyl titanate (22.2 mL,, 75
mmol) and deionized water (0.8 mL, 44 mmol) was stirred at
55° C.for 1 h, cooled to 10° C., added with N,N-diisopropy-
lethylamine (8.9 mL, 54 mmol), then cumyl hydroperoxide
(23.3 mL, 137 mmol) was added dropwise to the reaction
solution, stirred for 12 h, extracted with aqueous ammonia
(12.5%), the aqueous phase was adjusted with glacial acetic
acid to pH=8, filtered, washed with water, dried, and recrys-
tallized to obtain a product (14 g, 28%).

Step 7: Preparation of (R)-2-[[[4-(3-methoxylpro-
poxy)-3-methyl-2-pyridyl|methyl]sulfinyl]-6,7-dihy-
dro-3H-benzofuro[5,6-d]imidazole sodium

/—FO

O\\ N B
—~ T
_<g O
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-continued

At 40° C., the product obtained in the Step 6 (10 g, 25
mmol) was dissolved in acetonitrile (50 mL), and then aque-
ous solution of sodium hydroxide (2.1 g, 47%) was added
dropwise into the above solution. After the end of dropwise
addition, stirred for 30 min, cooled to room temperature,
further stirred for 1 h, stood at 0° C. for 2 h, filtered, washed
with ethyl ether, dried under vacuum at 40° C. to obtain a
product (9.5 g, 90.0%).

Molecular formula: C,,H,,N;NaO,S; Molecular weight:
423.46; MS: 402 (M+H")

'H-NMR (400 MHz, DMSO-d,) 8: 1.98 (2H,m), 2.15 (3H,
s), 3.18 (2H, 1), 3.25 (3H, s), 3.48 (2H, 1), 4.09 (2H, 1), 4.37

5
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ligated by passing a suture beneath gastric pylorus, the drugs
were immediately administered through duodenum, in which
the solvent group was administered with physiological saline
in 2 ml/kg, and the test sample groups were administered
with corresponding test samples in 20 mg/kg. The animals
were executed after 6 h, laparotomized, esophagus was
ligated near to diaphragmatic muscle, whole stomach was
taken out, washed to remove blood, stomach contents were
poured out, the acidity degree of gastric acid was tested with
pH test paper, the stomach contents was then centrifuged at
3000 rpm for 10 min. The volume of the supernatant was
metered, and 1 mL of the supernatant was titrated with 0.01
mol/L. NaOH solution, phenolphthalein was used as indicator,
the volume of NaOH was recorded, and the total acidity
degree and total acid output of gastric juice were calculated.
Gastric juice total acidity degree (mmol/L)=consumed
volume of NaOH solution (mL)*0.01 mol/L,

(NaOH concentration)/1 mL (supernatant vol-
ume)*1000;

1 h total acid output (mmol/h)=total acidity degree
(mmol/L)*gastric juice volume (mL)/6 h/1000.

3. Experimental Results

The Experimental results are shown in form of average
valuexstandard deviation, and the data are treated with t-test.
The specific test results are shown in Table 3.

TABLE 3

Gastric juice total acidity degree and total acid output

Acidity  Gastric juice  Total acidity

Animals degree volume degree Total acid output
Group (number) (pH value) (mL) (mmol/L) (mmol/h)
Solvent 3 2.0+1.00 430046 10437 £10.58 0.0789 =0.0147
Compound 1 7 3.14+1.31 3.33+097 47.85+2438 0.0276 £0.0194
(sodium salt)
Compound 6 6 1.82 10.28 103.16 0.0807
(sodium salt)
Compound 8 6 1.71 6.10 120.92 0.1242

(1M, d), 4.44 (21, 1), 4.72 (1H, d), 6.75 (1H, 5), 6.92 (1H, d),
7.27 (1H, ), 8.27 (10, d).

Experimental Example 1

Inhibition Effects of the Compounds of the Present
Invention on Gastric Acid in Pylorus Ligated Rats

1. Experimental Materials

Experimental animals: six-week old clean Wistar rats,
male, 140-180 g.

Experimental samples: part of the compounds of the
present invention, which structural formula and chemical
name are shown in Table 1. Compound 81 was used as con-
trast compound, which structural formula is shown in the
“Background is Art” section. Before test, these compounds
were dissolved with physiological saline.

2. Experimental Methods

After the rats of all groups were fasted without water dep-
rivation for 48 h, they were etherized, and incised at subxi-
phoid abdomen midline to expose gastric wall. Pylorus was
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4. Conclusion

In comparison with the solvent group, the group of Com-
pound 1 ofthe present invention has a significantly increase in
acidity degree and pH value of gastric acid, and a decrease or
significant decrease in gastric juice volume, total acidity
degree of gastric juice, total acid output, which indicate Com-
pound 1 of the present invention has a significant inhibition
effect on the gastric acid secretion in pylorus ligated rats. The
group of Compound 6 and the group of Compound 8 do not
show inhibition effect on the gastric acid secretion in pylorus
ligated rats.

5. Referring to Experimental Example 1, the compounds of
the present invention were separately administered in a dose
of 30 mg/kg, the solvent group was administered with the
same volume of solvent (2 mI/kg). The test results are shown
in Table 4.
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TABLE 4
Total acidity degree and total acid output of gastric juice
Volume of
Acidity Gastric juice supernatant — Total acidity

Animals degree volume of gastric degree Total acid output
Group (number)  (pH value) (mL) juice (mL) (mmol/L) (mmol/h)
Solvent 6 142 £ 1.02 475+228 428242 103.02+ 1093  0.0751 £ 0.0441
Compound 1 5 3.90 = 1.60%% 3.60 £0.88 2.92+0.71 2898+ 7.22%% 0.0141 = 0.0051%4
(sodium salt)
Compound 29 6 3.75= 1.13%4 343 £ 1.11 270 = 1.04 37.85 = 1541%* 0.0178 = 0.0100%4
Compound 30 6 6.08 = 0.922% 3,60 £ 1.30 2.87=1.17 17.21 = 9.34%%  0.0076 = 0.0033%4
(sodium salt) * K
In comparison with the solvent group:
AAp < 0.01; by comparing the group of Compound 29 and the group of Compound 30 with the group of Compound 1:
*##P < (.01,

6. Referring to Experimental Example 1, the compounds of TABLE 6

the present invention, Compound 81 as control were sepa-

Esophagitis index

rately administered in a dose of 20 mg/kg, the solvent group 20
was administered with the same volume of solvent (2 mL/kg). Group Animals (number)  Esophagitis index
The test results are shown in Table 5.
Model 6 3.17 £1.60
Compound 1 (sodium salt) 6 0.00 = 0.00%*
TABLE 5 55 Compound 6 (sodium salt) 6 3.00 £1.27
Gastric juice total acidity degree Compound 81 as contrast 6 0.83 £1.60
Total acidity degree Notation: in comparison with the model group,
Group Animals (number) (mmol/L) " P<0.0L
Solvent 5 94.46 = 19.20 30
Compound 1 (sodium salt) 5 54.52 = 13.87 TABLE 7
Compound 81 as contrast 5 71.27 £16.51
Injury status for different groups administered with drugs
. Esophagus
Experimental Example 2 35 Group Mark Gender  injury score Injury status
Test of Effects of the Compounds of the Present Model Double fore - Female 4 Bleeding in a large
) S area of esophageal
Invention on Reflux Esophagitis in Rats wall, injury area
>75%
. . Double hind Female 4 Bleeding in a large
1. Expenmental Method: . 40 area of esophageal
Wistar rats, half male and half female, were fasted without wall, injury area
water deprivation for 26 h, randomly divided into the group of >75%
Compound 1, the group of Compound 6, the group of Com- ﬁ?lﬁﬁ Female 4 Esfé’)lrlzﬁzil
pound 81 as contrast and the model group, 6 rats per group. Double fore  Male 4 Bleeding in a large
The rats were etherized, laparotomized, pylorus ligated, and 45 area of esophageal
ligated at the part between glandular stomach and rumen. ‘;V;lélg/mlury area
. . . . . . ()
After ligation, the firugs. were immediately administered Double hind  Male 3 Ulcer bleeding,
through duodenum, in which the groups of the test samples injury area <75%
were administered with test samples in 20 mg/kg, the model Leflf,orj Male 0 Normal
.« . . an 110
group was administered with the same volume of solvent, and Compound 1 Whole Female 0 Normal
the abdomens were then closed. The rats were released to the (sodium salt) ~ White Female 0 Normal
fasting cage, subjected to fasting and water deprivation for 5 (20 mg/kg) %\f}? fore ;fﬂlmle 8 Eormai
. . ole ale ormal
h and then executed by air embolism. T.he stomach and White Malo 0 Notmal
esophagus were taken out together, fixed with 1% formalde- Left fore Male 0 Normal
hyde in esophagus for 1 h, and then the injury of esophagus Compound Right fore  Female 0 Normal
was observed 81 as Left hind Female 0 Normal
. . contrast Right hind ~ Female 1 Ulcer bleeding,
2. Observation of Esophagitis Index (20 mg/kg) injury area <25%
The proportion of esophagitis injury area relative to total Right fore  Male 4 Esophageal
: PR perforation
f:s.ophagus area is u§eq as an esophagitis index, 0 score .fo.r no 60 Lefthind  Male 0 Nommal
injury, 1 score for injury area .oij 1-25%, 2 scores for injury Right hind ~ Male 0 Normal
area of 25-50%, 3 scores for injury area of 50-75%, and 4 Compound 6  Head Female 4 Esophageal
scores for injury area exceeding 75% or perforation. (sodium salt) perforation
3 Analytic Method and Results (20 mg/kg) Back Female 2 Ulcer bleeding,
. i . injury area<50%
The experimental results are shown in a form of average 65 Tail Female 1 Uleer bleeding,

valuexstandard deviation, and esophagitis index data are sub-
jected to Mann-Whitney U test.

injury area<25%
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TABLE 7-continued

Injury status for different groups administered with drugs

Esophagus
Group Mark Gender  injury score Injury status
Head Male 3 Ulcer bleeding,
injury area<75%
Back Male 4 Esophageal
perforation
Tail Male 4 Bleeding in a large

area of esophageal
wall, injury area
>75%

4. Conclusion

In comparison with the model group, the group of Com-
pound 1 of the present invention shows a significant decrease
of esophagitis index (P<0.01), which indicates Compound 1
of the present invention has good protection effects on
esophagus; when comparing the group of the Compound 81
as contrast, and the group of Compound 6 of the present
invention to the solvent group, P>0.05, showing no statistical
significance, which indicate Compound 81 as contrast and
Compound 6 of the present invention has no protection effect
on reflux esophagitis in rats.

Experimental Example 3

In Vivo Pharmacokinetic Test of the Compounds of
the Present Invention in Rats

1. Experimental Materials

Experimental animals: male Wistar rats, 6 rats/compound,
body weight 180-220 g, purchased from Shandong Univer-
sity, certificate no.: SCXK () 20090001.

Experimental samples: Compound 1, Compound 29 and
Compound 30 of the present invention, each of them is pre-
pared according to the methods of the above examples, and
dissolved in physiological saline before test.

2. Experimental Methods

Administration: as for intravenous push (I.V), Compound
1, Compound 29, Compound 30 were administered in a dose
of 5 mg/kg, and a volume of 2 ml./kg; as for intragastric
administration (P.O), Compound 1, Compound 29, Com-
pound 30 were administered in a dose of 5 mg/kg, and a
volume of 2 ml./kg. The rats were fasted without water dep-
rivation for 12 before administration, and fed after 4 hours
from the administration.

Blood collection: 0h, 0.083h,0.25h,0.5h,1h,2h,4h, 8
h, 24 h, at each time point, about 150 pL. of whole blood was
collected, centrifuged at 4° C. and 8000 rpm for 6 min using
a low-temperature high-speed centrifuge, the separated
plasma was frozen and stored at —80° C. in a refrigerator.

Analysis of plasma samples: as for Compound 1, Com-
pound 29, Compound 30, 50 pul, of plasma was taken, added
with 120 pL internal standard solution (Tolbutamide, 5
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ng/ml, MeOH solution), subjected to 1500 rpm vortex for 2
min, then centrifuged at 14000 rpm for 5 min, the supernatant
was collected, and analyzed by using LC-MS/MS.

Calculation formula: absolute bioavailability F
%=[AUCnppoy *Dose g/
[AUC] vrary*Dosepe,

3. Experimental Results
The Experimental results are shown in Table 8 and Table 9.

TABLE 8

PK evaluation results of the compound of
the present invention in rats (P.O)

Compound  Dose AUC,,, Crax T CL
# (mg/kg) (ng/mL/h) (ng/mL) (hy F% (L/kgh)
Compound 5 676.867 1863.333  0.083- 26.201 —
1 (sodium 0.25

salt)

Compound 5 1738.366  5776.667 0.083  49.161 3.22567
29

Compound 5 1263.547 3253.333  0.083- 39.282 5.00967
30 (sodium 0.25

salt)

TABLE 9

PK evaluation results of the compound of the present invention (I.V)
in rats

Dose CL Vss TV,
Compound # (mg/kg) (L/kg/h) (L/kg) (h)
Compound 1 5 1.950 0.255 0.172
(sodium salt)
Compound 29 5 1.281 0.289 0.223
Compound 30 5 1.591 0.394 0.275

(sodium salt)

Wherein, AUC;, represents area under drug-time
curve,_,..; C,,.. represents peak drug concentration in blood;
T, represents a time for reaching peak drug concentration
in blood; F % represents absolute bioavailability; CL repre-
sents clearance rate; Vss represents apparent volume of dis-
tribution; T, represents half-life period.

4. Conclusion

It can be seen from Table 8 and Table 9, the Compounds 1,
29 and 30 have good in vivo pharmacokinetic properties.

Preparation Examples

Manufacture of Enteric Coated Tablet of the
Compound of the Present Invention

Tablet Core Formula:

Name

Formula 1 Formula?2 Formula3 Formula4 Formula5

Compound 30 sodium salt 10g 10g 10g 10g 10g
(in CyoH,3N30,8)

Magnesium oxide 50g 10g g 50g 70¢g
Starch 20g 15¢g — 35¢g —
Mannitol 3Sg 35¢g 3Sg — 15¢g
Cross-linked 15¢g — — — —

carboxymethylcellulose

sodium
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60 g

20g

1%
1000

71
-continued

Name Formula 1 Formula2 Formula3 Formula4 Formula 5
Cross-linked povidone — 15 15¢g 5g
(XL-10)
5% (w/w) povidone K30 2g 45 g Slg 58¢g
anhydrous ethanol
solution
Cross-linked povidone — — 10g 15¢g
(XL-10) (extra added)
Magnesium stearate 1% 1% 1% 1%
Processed to form 1000 1000 1000 1000

tablets tablets tablets tablets

tablets

Formula of Isolation Coating:

Component Mass percentage
Gastric film coating premix (17B68966) 7.5%
Ethanol 77.9%
Purified water 14.6%

Formula of Enteric Coating:

Components Mass percentage

Enteric film coating premix (940680000) 7.6%

Ethanol 92.4%
Manufacture Method:

(1) providing Compound 30 sodium salt and mannitol,
separately pulverizing, passing sieve, for standby use;

(2) weighing the pulverized Compound 30 sodium salt and
magnesium oxide according to the formulation, mixing and
passing sieve;

(3) weighing mannitol and cross-linked povidone (XL.-10)
or cross-linked carboxymethylcellulose sodium according to
the formulation, mixing uniformly, adding with 5% (w/w)
povidone K30 in anhydrous ethanol solution, forming a soft
stuff, processing to form wet granules;

(4) drying the wet granules;

(5) trimming;

(6) fanally mixing, adding magnesium stearate and cross-
linked povidone (XL-10), mixing uniformly;

(7) inspecting semi-finished product;

(8) tabletting;

(9) drying tablet core;

(10) coating an isolation coat;

(11) coating enteric coat;

(12) drying finished product, and packaging.

What is claimed is:

1. A compound of Formula (1), or a stereoisomer, solvate or
pharmaceutically acceptable salt thereof:

@
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30

45

50

55

60
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wherein,

R!,R?and R? are independently hydrogen atom, C, _, alkyl,
C,_, alkoxyl, C,_,alkoxyl-C, , alkyl, C, ,alkoxyl-C, ,
alkoxyl, haloC, , alkyl or halo C, , alkoxyl;

R*is hydrogen atom;

R? represents formula

R6
N
<D
N
H
Y
_</ _<
\
g R, or N R7;

RS RS

R® and R” are independently a hydrogen atom;

Ring A is a 5-membered ring having one oxygen atom;
Ring B is a 5-membered ring having one oxygen atom; and
nis1or?2.

2. The compound of claim 1, or a stereoisomer, solvate or
pharmaceutically acceptable salt thereof, wherein

R!, R? and R? are independently hydrogen atom, methyl,
ethyl, methoxyl, ethoxyl, methoxylmethoxyl, 2-meth-
oxylethoxyl, 3-methoxylpropoxy, ethoxylmethoxyl,
2-ethoxylethoxyl, 3-ethoxylpropoxy, pro-
poxymethoxyl, difluoromethyl, triftuoromethyl, difluo-
romethoxyl, trifluoromethoxyl, 2,2-difluoroethoxyl or
2,2 2-trifluoroethoxyl;

R*is hydrogen atom; and

R represents

N

_</ :
_</

z =z

=z
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-continued -continued
(6] N N
o v ¢
N ’ N ’ N N
_</ _</ 3 H NI H NH,
N N =
H H
N.
N N N
~ ~<1 <10~
N
H 0O, or g . g , g o.
(6] NH
15
3. The compound of claim 2, or a stereoisomer, solvate or N N
pharmaceutically acceptable salt thereof, wherein —</ —</
R! is hydrogen atom, methyl or methoxyl; N , N o
R? is methoxyl, 3-methoxylpropoxy or 2,2,2-trifluoroet- 20 O\)
hoxyl; ©
R? is hydrogen atom, methyl or methoxyl; N N
R* is hydrogen atom; and —</ —</
5 25
R” represents g 0 g
or 0.
N.
—</ ’ 30 . .
N . 4. The compound of claim 3, or a stereoisomer, solvate or
H pharmaceutically acceptable salt thereof, wherein
N R! is methyl or methoxyl;
N 0 —</ R? is methoxyl, 3-methoxylpropoxy or 2,2,2-trifluoroet-
_</ or g O B hOXYI;
N ’ ' R? is hydrogen atom or methyl;
H

R*is hydrogen atom; and

R represents
40

(6]
0, ,
N. N N
N N 45 N o
O/ﬁ
o o 5. The compound of claim 1, or a stereoisomer, solvate or
/N ' /N ' s pharmaceutically acceptable salt thereof, wherein the com-
—< —< pound is selected from:
N
H

N
H

o N N
N N 55
—~ ]§ —~ | @
N N \N/NH ) N \Hf
N. N
~IA ~< oe
N

n=—~0

i NH,
65
HN \/ 2-[[4-(3-methoxylpropoxy)-3-methylpyridin-2-yl|meth-
ylsulfinyl]-6,7-dihydro-3H-benzofuro[ 5,6-d|imidazole,



US 9,315,513 B2

75
\O
N
Z S N
N =
T

2-[(4-methoxyl-3,5-dimethylpyridin-2-yl)methylsulfi-
nyl]-6,7-dihydro-3H-benzofuro[5,6-d]imidazole,

F3C/\O
\ o
I
P S N
N \(
HN

2-[[3-methyl-4-(2,2,2-trifluoroethoxyl)pyridin-2-yl|me-
thylsulfinyl]-6,7-dihydro-3H-benzofuro[ 5,6-d]imida-
zole, and

2-[(3,4-dimethoxylpyridin-2-yl)methylsulfinyl]-6,7-dihy-
dro-3H-benzofuro[5,6-dJimidazole.
6. The compound of claim 1, or a pharmaceutically accept-
able salt thereof, wherein the compound has a structure of the
following formula:

a1
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12

wherein, R', R?, R®, R*, R® and n have the meanings as
defined in claim 1.

7. The compound of claim 6, or a pharmaceutically accept-

able salt thereof, wherein

a) R', R? and R? are independently hydrogen atom, C,_,
alkyl, C,_, alkoxyl, C,_,alkoxyl-C, , alkyl, C, _,alkoxyl-
C,_, alkoxyl, haloC, , alkyl or haloC, , alkoxyl;

R* is hydrogen atom;

R’ represents formula

RE

N
<00
H

R’

R® and R” are independently hydrogen atom;

Ring A is a 5-membered ring having one oxygen atom; or

b)R'is C,_, alkyl or haloC, _, alkyl;

R? is C,_, alkoxyl, C,_, alkoxyl-C,_, alkyl, C,_,alkoxyl-
C,_, alkoxyl or haloC, _, alkoxyl;

R? and R* are independently hydrogen atom;

R? represents formula

RE

N
<00
H

R7

R® and R” are independently hydrogen atom;
Ring A is a 5-membered ring having one oxygen atom; or
¢) wherein the compound is

\O/\/\O
A 0
(L

N

N
W \(
HN\Qj
@]

(S)-2-[[[4-(3-methoxylpropoxy)-3-methyl-2-pyridyl |me-
thyl]sulfinyl]-6,7-dihydro-3H-benzotfuro[5,6-d]imidazole,
or
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\O/\/\O

n=0

N,
\(
RS
O
(R)-2-[[[4-(3-methoxylpropoxy)-3-methyl-2-pyridyl|me-
thyl]sulfinyl]-6,7-dihydro-3H-benzotfuro[5,6-d]imidazole.

8. A pharmaceutical composition comprising an effective
amount of a compound according to claim 1, or a stereoiso-
mer, solvate or pharmaceutically acceptable salt thereof, and
a pharmaceutically acceptable excipient.

9. A method for preparing a compound of claim 1, the
method comprising: performing a substitution reaction of a
compound of Formula (IT) and a compound of Formula (I1I)
to form a compound of Formula (I'), and converting the For-

mula (I') in the presence of m-chloro-peroxybenzoic acid to
obtain a compound of Formula (1),

an

(1)

HS—R®

@

@

wherein, R', R?, R®>, R*, R® and n have the meanings as
defined in claim 1.

10. A method for preparing a compound of claim 7 options
a) and b), the method comprising: adding the compound of
Formula (I') to a chiral separating agent to obtain the desired
compound.

11. A method of treatment of a patient comprising the step
of' administering the compound of claim 1, or a stereoisomer,
solvate or pharmaceutically acceptable salt thereof for treat-
ment of peptic ulcer, ulcer hemorrhage and diseases associ-
ated with gastric acid.

12. The compound of claim 1, or a stereoisomer, solvate or
pharmaceutically acceptable salt thereof, wherein
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R'is C,_, alkyl or haloC, _, alkyl;
R? is C,, alkoxyl, C, ,alkoxyl-C, , alkyl, C,_,alkoxyl-
C,_, alkoxyl or haloC, _, alkoxy];
R? and R* are independently hydrogen atom;
R? represents formula

RE

~ D
H

R7

R® and R” are independently hydrogen atom; and

Ring A is a 5-membered ring having one oxygen atom.

13. The compound of claim 1, or a stereoisomer, solvate or

pharmaceutically acceptable salt thereof, wherein

R!, R? and R? are independently hydrogen atom, methyl,
ethyl, methoxyl, ethoxyl, methoxylmethoxyl, 2-meth-
oxylethoxyl, 3-methoxylpropoxy, ethoxylmethoxyl,
2-ethoxylethoxyl, 3-ethoxylpropoxy, pro-
poxymethoxyl, difluoromethyl, triftuoromethyl, difluo-
romethoxyl, trifluoromethoxyl, 2,2-difluoroethoxyl or
2,2 2-trifluoroethoxyl;

R* is hydrogen atom; and

R’ represents

g O
0]
/ ) |
_<§ _<§
== N
/
v ) _<g 0
~ <
i or i 0



